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CONVERSION FACTORS, VERTICAL DATUM, AND ACRONYMS

Multiply By To obtain
cubic foot per second (ft%/s) 0.02832 cubic meter per second
cubic feet per second per day (ft¥/s/d) 0.02832 cubic meter per second per day
acre 4,047 square meter
acre-foot (acre-ft) 1,233 cubic meter
acre-foot per year (acre-ft/yr) 1,233 cubic meter per year
foot (ft) 0.3048 meter
inch (in.) 254 millimeter
inches per year (in/yr) 254 millimeter per year
mile (mi) 1.609 kilometer
square mile (mi?) 2.590 square kilometer

Temperature: Degrees Celsius (°C) can be converted to degrees Fahrenheit (°F) by using the formula °F =[1.8 (°C)] + 32. Degrees
Fahrenheit can be converted to degrees Celsius by using the formula °C = 0.556 (°F — 32).

Sealevel: Inthisreport, “sealevel” refersto the National Geodetic Vertical Datum of 1929 (NGVD of 1929, formerly called “ Sea-Level
Datum of 1929"), which is derived from a genera adjustment of the first-order leveling networks of the United States and Canada.

ACRONYMS:

BOR: Bureau of Reclamation

CDWR: Cdifornia Department of Water Resources

CMICW: CdiforniaM&I credit water

ElS/EIR: environmental impact statement/environmental impact report

EPA: Environmental Protection Agency

ESA: Endangered Species Act

ESP: Extended Streamflow Prediction

ET: Evapotranspiration

FCW: Fish Credit Water

F-TABLE: Function table within Hydrological Simulation Progran—FORTRAN
FWM: U.S. District Court Water Master (commonly referred to as the Federal Water Master)
GENSCN: Generation and Analysis of Model Simulation Scenarios

HSPF: Hydrological Simulation Program—FORTRAN

JPFCW: Joint Program Fish credit water

M&1: Municipal and industrial

MAD: Maximum allowable diversion

NDEP: Nevada Division of Environmental Protection

NRCS: Natural Resources Conservation Service

NWS: National Weather Service

OCAP: Operating Criteria and Procedures

PCEDS: Power Company emergency drought supply

PCMICW: Power Company M&| credit water

PCPOSW: Power Company privately owned stored water

P.L.: Public Law

PRMS: Precipitation—Runoff Modeling System

POSW: Privately owned stored water

PSA: Preliminary Settlement Agreement

RCHRES: Reach-reservoir block within Hydrological Simulation Program—FORTRAN
SPECL : Special actions block within Hydrological Simulation Program—FORTRAN
SPPC: Sierra Pacific Power Company

TCID: Truckee—Carson Irrigation District

TCIDPOSW: Truckee—Carson Irrigation District privately-owned stored water
TMUGL: Truckee Meadows ungaged gains and losses
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TMWREF: Truckee Meadows Water Reclamation Facility
TPEW: Tahoe-Prosser Exchange water

TROA: Truckee River Operating Agreement

UCI: User’s control input for Hydrological Simulation Program—FORTRAN
USCOE: U.S. Army Corps of Engineers

USFWS: U.S. Fish and Wildlife Service

USGS: U.S. Geological Survey

WCWCD: Washoe County Water Conservation District
WDM: Watershed Data Management

WQCW: Water-quality credit water

WQSA: Water Quality Settlement Agreement

NOTICE
The customized software application and supporting materials (data and documentation) presented herein are
made available by the U.S. Geological Survey (USGS) to be used in the public interest and for the advancement
of science. The authors, USGS, or the United States Government assume no liability for the contents or the use
thereof. This documentation does not constitute a standard, specification, or regulation.
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River and Reservoir Operations Model,
Truckee River Basin, California and Nevada, 1998

By Steven N. Berris, Glen W. Hess, and Larry R. Bohman

ABSTRACT

The demand for all uses of water in the
Truckee River Basin, California and Nevada,
commonly isgreater than can be supplied. Storage
reservoirsinthe system have amaximum effective
total capacity equivalent to less than two years of
average river flows, so longer-term droughts can
result in substantial water-supply shortages for
irrigation and municipal users and may stress
fish and wildlife ecosystems. Title 11 of Public
Law (P.L.) 101-618, the Truckee—Carson—Pyra-
mid Lake Water Rights Settlement Act of 1990,
provides afoundation for negotiating and devel op-
ing operating criteria, known asthe Truckee River
Operating Agreement (TROA), to balance inter-
state and interbasin allocation of water rights
among the many interests competing for water
from the Truckee River. In addition to TROA,
the Truckee River Water Quality Settlement
Agreement (WQSA), signed in 1996, provides
for acquisition of water rightsto resolve water-
quality problems during low flows along the
Truckee River in Nevada. Efficient execution of
many of the planning, management, or environ-
mental assessment requirements of TROA and
WQSA will require detailed water-resources data
coupled with sound analytical tools. Analytical
modeling tools constructed and evaluated with
such data could help assess effects of alternative
operational scenariosrelated to reservoir and river
operations, water-rights transfers, and changes
inirrigation practices.

The Truckee—Carson Program of the U.S.
Geological Survey, to support U.S. Department of
the Interior implementation of P.L. 101-618, is
developing amodeling system to support efficient
water-resources planning, management, and

alocation. The daily operations model docu-
mented herein is a part of the modeling system
that includes a database management program, a
graphical user interface program, and a program
with modules that simulate river/reservoir opera-
tions and avariety of hydrologic processes. The
operations module is capable of simulating lake/
reservoir and river operations including diversion
of Truckee River water to the Truckee Canal for
transport to the Carson River Basin. In addition to
the operations and streamflow-routing modules,
the modeling system is structured to allow integra-
tion of other modules, such as water-quality and
preci pitation-runoff modules.

The USGS Truckee River Basin operations
model was designed to provide simulations that
allow comparison of the effects of aternative man-
agement practices or allocations on streamflow or
reservoir storagesin the Truckee River Basin over
long periods of time. Because the model was not
intended to reproduce historical streamflow or
reservoir storage values, atraditional calibration
that includes statistical comparisons of observed
and simulated values would be problematic with
this model and database.

This report describes a chronology and
background of decrees, agreements, and laws that
affect Truckee River operational practices, the
construction of the Truckee River daily operations
model; the smulation of Truckee River Basin
operations, both current and proposed under the
draft TROA and WQSA; and suggested model
improvements and limitations. The daily opera-
tions model uses Hydrological Simulation Pro-
gram—FORTRAN (HSPF) to simulate flow-
routing and reservoir and river operations. The
operations model simulates reservoir and river
operations that govern streamflow in the Truckee
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River from Lake Tahoe to Pyramid Lake, includ-
ing diversions through the Truckee Canal to
Lahontan Reservoir in the Carson River Basin. A
general overview is provided of daily operations
and their simulation. Supplemental information
that documents the extremely complex operating
rules simulated by the model is available.

INTRODUCTION

The Truckee River has had along history of
providing water to a variety of economic and environ-
mental users. Truckee River water is used for power
generation upstream from Reno, municipal and
industrial (M&I; bold non-italicized wordsare defined
in the glossary) supply for the Lake Tahoe vicinity,
town of Truckee, and the Reno—Sparks vicinity (here-
after referred to as the Truckee Meadows), and irriga-
tion in both the Truckee and Carson River Basins. The
Truckee River dischargesinto Pyramid Lake (fig. 1),
and thus sustains lake levels and provides flows for
spawning of the endangered cui-ui lakesucker and the
threatened L ahontan cutthroat trout. The diversity of
user interests, each with ademand on the limited water
resource, has resulted in long-standing and intense
conflicts among various economic, political, ecologi-
cal, and ingtitutional entities. The diversity in interests
also provides awide range of alternativesfor planning,
allocating, and managing the water resources and oper-
ating the various reservoir and diversion facilities.

The demand for al uses of water in the Truckee
River Basin, California and Nevada, commonly is
greater than can be supplied. Storage reservoirsin the
system have a maximum effective total capacity equiv-
alent to less than two years of average river flows.
Droughts lasting several years, such as the recent
drought of the late 1980’ s and early 1990’s, can cause
substantial water shortagesfor irrigation and municipal
users and may stress fish and wildlife ecosystems.

Title Il of Public Law (P.L.) 101-618, the Truc-
kee—Carson—Pyramid Lake Water Rights Settlement
Act of 1990 (104 Statute 3289), provides direction,
authority, and mechanisms for resolving conflicts over
water and water rightsin the Truckee and Carson River
Basins. A major element of P.L. 101-618, known as
the Truckee River Operating Agreement (TROA),
provides a foundation for improving water manage-
ment and for negotiating and devel oping operating cri-
teriato balance interstate and interbasin allocation of

water rights among the many competing interests

for Truckee River water. In addition to TROA, the
Truckee River Water Quality Settlement Agreement
(WQSA), signed in 1996, provides for acquisition of
water rightsto aid in resolving water-quality problems
in the Truckee River in Nevada during low-flow peri-
ods while simultaneously providing additional water
for fish and wildlife resources. Efficient execution of
many of the planning, management, or environmental
assessment requirements of TROA and WQSA will
require detailed water-resources data. Analytical mod-
eling tools constructed and evaluated with such data
could help assess effects of alternative management
and operational scenarios related to Truckee River
operations, including water-rightstransfers, changesin
irrigation practices, and changes in demand patterns.

Daily, physically based models capable of simu-
lating alternative management policies for river and
reservoir operations are needed to assess aternatives
for water management. The interdependence of many
of the water-management issues of the Truckee River
Basin, such as allocation of streamflow and achieving
instream water-quality standards, suggests a strong
need for an overall data-management and modeling
system within which individual issuescan be addressed
in an efficient and coordinated manner. In addition,
there is aneed for amodel that can provide the river-
hydraulics and daily-flow data to other quantitative
tools, such as water-quality models. Such amodel
needs to be interbasin in scope, addressing the inter-
related management issues of the Truckee River,
the Carson River, and the Truckee Canal, which facili-
tates the diversion of water from the Truckee River to
Lahontan Reservoir in the Carson River Basin. The
model needs to be fully documented and in the public
domain, so that all stakeholders are confident in the
system and they can al work from a common base or
point of reference.

The dynamic nature of certain operations and
management issues along the Truckee River requiresa
model computation interval that is daily, rather than
monthly. Water-quality problems cannot be examined
satisfactorily on a monthly time step. Temperature,
dissolved oxygen, and other water-quality parameters
often require daily or even hourly temporal resolution.
In order to reflect actual river and reservoir operations,
model s should be capable of simulating brief hydro-
logic “pulses’ in the system. Such short-term opportu-
nities resulting from storm runoff lasting one week or
less may allow for storage or exchange of credit

2 River and Reservoir Operations Model, Truckee River Basin, California and Nevada, 1998
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water 1 under the flexible and efficient policies pro-
posed in the draft operating agreement being negoti-
ated under Public Law 101-618. Such transactions may
not be simulated in models where the flows are aver-
aged out over an entire month and vice versa. Another
source of potential differencesin modeling results
between monthly and daily modelsisthe simulation of
flood-control criteriaat reservoirs, which are used to
reduce the chances of downstream flooding. These
criteria, by definition, establish daily constraints on
reservoir storage levels. A sudden storm resulting in
storages above an established rule curve would result
in the subsequent release of that extrawater on adaily
basis, whereas a monthly model may allow that extra
water to be stored. Similarly, credit storage cannot take
place if daily flood-control criteria dictate that no
reduction in a planned release can be made. There are
many other examples, but the point is that, depending
on the purpose and goals of the model user, the compu-
tation interval may be an important factor in selecting
the most appropriate model.

The Truckee—Carson Program of the U.S. Geo-
logical Survey (USGS) was established by the Depart-
ment of the Interior to support implementation of
Public Law 101-618 by (1) compiling records from
multiagency gaging stationsinto a consistent long-
term data base to provide reliable data in support of
modeling activities in the Truckee River and Carson
River Basins, (2) establishing new streamflow and
water-quality gaging stationsfor more compl ete water-
resources information and more consistent support of
river operations, and (3) developing amodeling system
to support efficient water-resources planning, manage-
ment, and allocation. Modeling activities within the
USGS Truckee—Carson Program include thefollowing.

« Fow-routing models of al or selected parts of the
Truckee River and Carson Rivers, major tributar-
ies, lakes/reservoirs, and the Truckee Canal.

LUnder provisions proposed in the February 1998 draft
TROA, credit water would be created, in part, when water
of specific ownership is stored by reducing releases from a given
reservoir. It can also be created by storing privately owned water
and then transferring that water to credit water. Once created,
credit water stored in individual Truckee River reservoirs would
be allowed to be exchanged with storage in other Truckee River
reservoirs and used as prescribed in the draft operating agreement
(see exchange and transfer in the Glossary).

* Precipitation-runoff models for the headwater
source areas of both basins.

 Stream temperature and total dissolved-solids
models of the Truckee River.

» Operation modelsthat simulatelake/reservoir and
river operations, including the Truckee Canal, for
both basins.

Purpose and Scope

The purpose of this report is to describe (1) the
chronology and background of legal decrees and agree-
ments that affect Truckee River operational practices;
(2) the construction of the Truckee River Basin daily
operations model, including the flow-routing model
and data required to simulate operations; (3) the simu-
lation of Truckee River Basin operations, both current
(19982) and proposed as of February 1998 under the
draft TROA and WQSA; (4) acomparison of simulated
and observed operations; and (5) limitations and sug-
gested improvements of the model.

The daily operations model simulates flow and
operations for three options: (1) current (1998) opera-
tional practices, (2) current operations and those pro-
posed in draft TROA and WQSA, and (3) WQSA
without draft TROA, which is not described separately
in thisreport. TROA operations, as considered in this
model documentation, reflect operational rules and
policies presented in the February 1998 draft TROA,
evaluated in the Draft Environmental Impact State-
ment/Environmental Impact Report by the Bureau of
Reclamation and others (1998), and will be referred to
hereafter as draft TROA. The geographic extent of the
model isthe Truckee River Basin from Lake Tahoe to
Pyramid Lake, the Truckee Canal, and Lahontan Res-
ervoir in the Carson River Basin (fig. 1). The opera-
tions modd simulates both reservoir operations—for
Tahoe, Donner, Martis Creek, and Independence
Lakes, and Prosser, Stampede, and Boca Reservoirsin
the Truckee River Basin and for Lahontan Reservoir in
the Carson River Basin—and river operations includ-
ing diversion of water from the Truckee River for irri-
gation and municipal and industrial uses, aswell as
diversion at Derby Diversion Dam of Truckee River
water to the Newlands Project viathe Truckee Canal.

2Asused inthis report, “current” refersto 1998.
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This report documents the first Truckee River
operations model to simulate current and proposed
(draft TROA) operations using adaily computation
interval. Certain operationa procedures, either histori-
cally practiced or proposed, are not included in the
river/reservoir operational logic for smulation, nor are
they described in thisreport. The historically practiced
operations not included in the model are not typical of
normal daily operations and were often single-incident
variances based on human decisions, special permits,
or court decisions. Proposed operational procedures
not included were being negotiated and were, therefore,
uncertain. The river/reservoir operational logic pre-
sented for purposes of simulation is based on the
authors best understanding of current regulations,
decrees, and agreements. The authors interpretation
should not be considered a substitute for definition by
more appropriate administrative or legal authorities.

The rules governing operations for the Truckee
River are complex and unique. A general overview of
Truckee River daily operationsis provided in this
report. Supplemental documentation to this report con-
sists of detailed flowchartsand model code, which con-
tains extensiveinterna documentation. Theflowcharts
provide a diagrammatic representation of the logical
sequence of the code. The model code contains the
most detailed information on thelogic used to simulate
river/reservoir operations. A listing of variable names
used in the operations model code and their definitions
alsoisavailableto assist usersof either theflowchart or
model codein the understanding and use of the model .3

The USGS Truckee River Basin operations
model was designed to provide simulations that allow
comparison of the effects of aternative management
practices or allocations on streamflow or reservoir stor-
ages in the Truckee River Basin over long periods of
time. Because the model was not intended to reproduce
historical values, atraditional calibration with statisti-
cal comparisons of observed and simulated values is
not particularly insightful for this model and database.
This model is complex, contains extensive detail, and
has a daily computation interval. Depending on the
length of the desired period of simulation and computer

3The flowchart, code, and variable listings are not included
in this report because of their length and technical complexity.
Interested readers can contact the USGS Nevada
District Public Information Assistant at (775) 887-7649 to obtain
information on how to procure el ectronic copies of the variable
listing, model code, or flowcharts.

hardware capabilities unique to each user, run times
may require from several minutes up to several hours.
Although some simple changes to certain variables
(dates, target flows or storages, and so forth) could be
implemented by almost anyone, it would require
months of training to become familiar enough with the
programs in the modeling system to be able to imple-
ment major changes in the model code. As such, this
first version of the model was not designed for usein
making quick simulations of near-term operations that
might aid day-to-day water-resource management
decisions. Significant modificationswould be required
to transform the model for that purpose. To accommo-
date a quick response to new simulation criteria, a
Truckee River operations model would have to com-
promise detail for simplicity.

Previous Investigations

Horton (1997a) compiled a pre-20th-century and
20th-century chronological history of the Truckee
River. Significant events were discussed back to the
time before European and United States colonization.

Many investigators have designed and con-
structed models to simulate the physical and opera-
tional characteristics of the Truckee River. The Desert
Research I nstitute at University of Nevada, Reno,
developed a model that simulated Truckee River flow
using historical and reconstructed monthly streamflow
data (Butcher and others, 1969). The Truckee River
was divided into regulated upstream reaches; areach
through the Truckee Meadows; areach from Vista,
Nev., to Nixon, Nev. (including the Truckee Canal);
and areach representing Pyramid Lake. The model
incorporated a monthly mass balance that transmitted
flows and accounted for gains and losses through each
reach. Fordham and Butcher (1970) and Fordham
(1972) combined a flow model with an optimization
routine to maximizethe beneficial use of surfacewater.
This model was expanded to include both the Truckee
and Carson River Basins. Chiatovich and Fordham
(1979) combined awater-quality model developed by
Westpha and others (1974) with amodel of monthly
reservoir operations to simulate an optimum operating
policy. This combined model represents the water
stored in all reservoirsin the upper Truckee River
Basin, other than Lake Tahoe, as one combined reser-
voir, and it was devel oped to maximize the beneficial
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use of surface water by considering both downstream
water rights and diversion policies as well as concen-
trations of constituents affecting water quality.

The Bureau of Reclamation (BOR) constructed a
monthly mass-balance model to analyze both operation
of reservoirsand all ocation of water within the Truckee
and Carson River Basins. Theoriginal BOR model was
later modified by consultants for Sierra Pacific Power
Company (SPPC) (Sierra Pacific Power Company,
purveyor of water to municipal and industrial usersin
the Truckee Meadows) to include water-management
alternatives discussed in the Preliminary Settlement
Agreement (PSA) as modified by the Ratification
Agreement (Pyramid L ake Paiute Tribe of Indiansand
SPPC, 1989). This agreement, between SPPC and the
Pyramid Lake Paiute Tribe, provides for water storage
for the Truckee Meadows during drought and for
augmentation and modification of flow in the lower
Truckee River during nondrought periods to improve
spawning conditions for endangered and threatened
fish species. The modified BOR model, referred to as
the Negotiations Model, is not intended to simulate
historical streamflow, but to make relative compari-
sons of the effects of alternative management practices
on flows and allocations. The Negotiations Model is
currently being used to examinethe effects of operation
and allocation changes addressed in P.L. 101-618 as
well as other water management alternatives.

Cobb and others (1990) reviewed the BOR model
and the Negotiations Model, both of which lacked
formal documentation. The two models focused on
the Truckee River system, and to alesser degree, the
Truckee Canal and the Carson River from Churchill
Valley to Lahontan Valley. Both models are monthly
mass-bal ance accounting-type models, as opposed to
physically based flow-routing models. Both models
use synthesized monthly average streamflow at various
points in the Truckee—Carson River system. The data
bases are composites of historical recordsand, when no
historical records existed, estimated records. Both
models (1) use streamflow and runoff data as input,
(2) impose acomplex set of legal constraints, operating
criteria, and assumptions for effects of development
onwater use and surface-water/ground-water relations,
and (3) incorporate an accounting procedure to simu-
late monthly average streamflow at several locationsin
the system.

Y ardas (1996) developed a model of the Carson
River below Lahontan Reservoir to simulate stream-
flow and distribution of irrigation water in the New-

lands Project. The Y ardas model can be used as atool
to better understand the effects of water acquisitions
and other variables on inter- and intra-basin water
demands and supplies.

In 1992, the USGS began to develop analytical
modeling tools to help evaluate management options
in support of the U.S. Department of the Interior
implementation of P.L. 101-618. Berris (1996) devel-
oped a physically based flow-routing model of the
Truckee River. The model routed daily mean stream-
flow along 114 miles (mi) of the mainstem Truckee
River from just downstream from Lake Tahoe, Cdlif.,
to just upstream from Pyramid Lake, Nev. Hess (1996)
developed asimilar flow-routing model for the Carson
River from the gaging station at East Fork Carson
River near Markleeville, Calif., (italicized words are
formal names for data-collection sites) and the gaging
station at West Fork Carson River at Woodfords, Calif.,
to the gaging station Carson River at Fort Churchill,
Nev., just upstream from Lahontan Reservoir. Selected
reservoir and river operations added to the Truckee and
Carson River flow-routing models are described by
Berrisand others (1996) and Hess (1997), respectively.
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DESCRIPTION OF STUDY AREA

This section describes the Truckee River, Carson
River, and Truckee Canal asan overview that precedes
amore detailed discussion on the Truckee River Basin.
Truckee River operationsinclude diversion of water
at Derby Diversion Dam into the Truckee Canal, a
transbasin canal that delivers water to benchlandsin
the Truckee division of the Newlands Project and to
L ahontan Reservoir in the Carson River Basin for use

in the Carson Division of the Newlands Project (fig. 1).

The Truckee River originates at the outlet of the
dam at Lake Tahoein the Sierra Nevada of California
and flows eastward into atopographically closed desert
lakein Nevada (fig. 1). Its headwaters, where altitudes
exceed 10,000 feet (ft) above sealevel, flow into Tahoe
—amountain lake with a surface area of about 192
square miles (mi 2) and an average depth of about 990
ft (Jones and others, 19914, p. 11). The terminus
of the Truckee River is at Pyramid Lake—Ilocated in
the Basin and Range Physiographic Province of west-
ern Nevada. Pyramid Lake isasink, about 3,800 ft in
altitude, where water cannot leave through a surface-
water outlet. Drainage areafor the entire Truckee River
Basin is about 3,120 mi2, but only about 1,430 mi2
contribute to the 114-mi length of the Truckee River
mainstem between the outlet of Tahoe and Marble
Bluff Dam, located about 3.5 mi upstream from its
mouth at Pyramid Lake (fig. 1; Brown and others,
1986, p. 81 and 125).

The Carson River aso hasits headwatersin the
SierraNevadain California, just to the south of and
adjacent to the Truckee River Basin, and flows gener-
ally to the northeast into atopographically closed
desert sink in Nevada (fig. 1). Its headwaters, where
altitudes also exceed 10,000 ft above sealevel, are
divided into the East and West forks. The East and
West Forks of the Carson River flow north out of the
SierraNevadato join in the broad Carson Valley in
Nevada, where the altitude is approximately 4,700 ft.
Theriver then flows to the northeast through Carson
Valley and parts of Eagle, Dayton, and Churchill
Valleysinto Lahontan Reservoir—a manmade reser-
voir with a capacity of 317,300 acre-feet (acre-ft) with
flashboards and 295,500 acre-ft without flashboards
(table 1) (U.S. Geological Survey, 1998, p. 177,
Thomas R. Scott, Bureau of Reclamation, oral com-
mun., 1997). From that reservoir, the regulated lower
river continues northeastward through the Newlands
Project in Lahontan Valley and ultimately terminatesin

the vast Carson Sink (fig. 1), about 3,850 ft in altitude,
where water cannot leave through a surface-water out-
let. Drainage areafor the entire Carson River Basin is
about 3,966 mi2, but only about 1,799 mi? contribute to
the 152-mi length of the Carson River between the
source of the East Fork Carson River (thelongest of the
two major forks of the Carson River) and Lahontan
Dam, not including drainage areato the Truckee Canal
outside of the Carson River Basin (Horton, 1997b,

p. 1-1 and U.S. Geological Survey, 1996, p. 184). This
report describesreservoir operationsand the operations
mode for only asmall part (L ahontan Reservoir) of the
Carson River Basin.

Most demands for water in both Truckee and
Carson River Basins are from the Basin and Range
Physiographic Province of western Nevada, whereas
most precipitation that supplies water to theserivers
fallswithin the Sierra Nevada of California. Addition-
aly, most of the regulated water storage in the basins
lieswithin the Truckee River Basin in the Sierra
Nevada of California. Thereis little upstream storage
in the headwaters of the Carson River Basin. The
Truckee Canal provides an interbasin transfer of water
to supplement the Carson River supply and to partialy
meet the large demand for irrigation water within the
Newlands Project, thefirst Federal reclamation project
in the United States. Construction of Derby Diversion
Dam (hereafter referred to as Derby Dam) and the
Truckee Canal began in 1903, and the project was
operational in 1915 with the completion of Lahontan
Dam in the Carson River Basin. Derby Dam, about
25 mi downstream from Reno, diverts water from the
Truckee River to the Truckee Canal for delivery to the
Newlands Project. The 32-mi manmade Truckee Canal
has a maximum capacity of about 1,100 cubic feet per
second (ft3/s) and anormal operating capacity of about
900 ft3/s (Horton, 19974, p. 1-25 and |-48). Some of the
diverted water carried by the canal provides water for
current irrigation of about 3,500 acres of farmland
within the Truckee Division of the Newlands Project
near Fernley, Nev. The remainder of the water diverted
to the cand is stored in Lahontan Reservoir for irriga-
tion of about 56,500 acresin the Carson Division of the
Newlands Project in the Carson River Basin near Fal-
lon, Nev. (Alan Olson, Bureau of Reclamation, written
commun., 1999).

For discussion in this report, the Truckee River
Basin—from Lake Tahoeto Pyramid Lake—isdivided
into three hydrologic subunits—L ake Tahoe and the
upper Truckee River, the middlie Truckee River, and
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Table 1. Selected characteristics of major reservoirs

[Abbreviations: SPPC, Sierra Pacific Power Company, TCID, Truckee—Carson Irrigation District; USCOE, U.S. Army Corps of Engineers;

BOR, U.S. Bureau of Reclamation; WCWCD, Washoe County Water Conservation District]

o1 Dam . 1

Reservoir name Dam owner ! Dam operatorl Storage capacity construction Drainage a_rea

(acre-feet) datel (square miles)
Lake Tahoe SPPC TCID 744,600 1913 506
Donner Lake SPPC/TCID SPPC 9,500 21928 14
Martis Creek Lake USCOE USCOE 320,400 1971 40
Prosser Creek Reservoir BOR BOR 29,800 1962 50
Independence Lake SPPC SPPC 17,500 1939 8
Stampede Reservoir BOR BOR 226,500 1970 136
Boca Reservoir BOR WCWCD 40,900 41938 172
Lahontan Reservoir SBOR 5Tcip 6. 7295,500 1915 7. 81,799

7. 917,300

1 From Jones, 1991a, p. 11 except as noted.
2 From U.S. Geological Survey, 1998, p. 318.

3 From Bureau of Reclamation and others, 1998, hydrology appendix, p. H-2.

4 From U.S. Geological Survey, 1998, p. 338.

5 From Jones, 1996b, p. 26.

6 At spillway crest.

" From U.S. Geological Survey, 1998, p. 176.

8 Does not include drai nage area from Truckee Canal.
9 With use of flashboards on the spillway crest.

the lower Truckee River including Pyramid Lake—on
the basis of similarity in climate and streamflow char-
acteristics, physiography, human activities, and water
quality (fig. 2). The boundaries of these subunits gen-
erally conform to published hydrographic boundaries
for consistency with previous work (Berris, 1996, and
Brown and others, 1986).

Lake Tahoe and Upper Truckee River Subunit

The Lake Tahoeand upper Truckee River subunit
consists of the 932-mi2 drai nage area of the Truckee
River upstream from the USGS gaging station Truckee
River at Farad, Calif. (hereafter referred to as Farad
gaging station), located near the California-Nevada
State line (fig. 2 and pl. 1). This subunit includes the
drainage area and surface of the lake, and the drainage
areaof the Truckee River between the outlet of thelake
and the Farad gaging station. It isacombination of sub-
units previously described in Brown and others (1986)
and Berris (1996): the 506-mi? L ake Tahoe subunit,
which includes the drainage area and 192-mi 2 surface
of the lake, and the 426-mi? upper Truckee River
subunit, which includes the drainage area of the Truc-
kee River between the outlet of the |ake and the Farad
gaging station. Mean annual runoff at the Farad gaging
station for water years 1909-97 is 554,500 acre-ft (U.S.

Geological Survey, 1998, p. 344). The section of the
Truckee River between the lake and the Farad gaging
station is 34 mi long.

The mountainous L ake Tahoe and upper Truckee
River subunit isthe coldest and wettest part of the study
area. The Sierra Nevada, with peaks ranging from
8,000 to 10,000 ft in altitude in this subunit, isamajor
barrier to moist air from the Pacific Ocean. Theaverage
annual precipitation for this subunit ranges from about
30 to 70 inches per year (infyr,) mostly as snow from
November through April (Jones and others, 1991a,

p. 31). This mountain barrier causes a distinct rain-
shadow to the east. Thus, an average of only about
12-16in/yr of precipitation fallsinthedrier parts of the
subunit at lower elevations near the Nevada State line
(Jones and others, 19914, p. 31). Vegetation ranges
from dense coniferous forests in the wet areas of the
subunit to drier, open forests mixed with grasses, sage-
brush, and rabbitbrush in the drier areas.

Runoff generated in the Lake Tahoe and upper
Truckee River subunit supplies most of the water to the
TruckeeRiver system. Truckee River flowsare heavily
dependent on the yearly snowpack characteristics of
the SierraNevada. High flowsin the Truckee River are
generally produced by snowmelt when temperatures
increase in the spring or early summer, or in direct

8 River and Reservoir Operations Model, Truckee River Basin, California and Nevada, 1998
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response to warm rains, derived from subtropical air
masses, falling on winter snowpacks. When the rela-
tively warm rains fall on large snowpacks, rain in
addition to large amounts of water from melting snow-
packs act together to form large runoff events or even
floods. In contrast, during late summer and fall after
the snowpack has melted, there islittle water entering
the Truckee River and, as a consequence, low flows
commonly result.

Seven damsare operated upstream from the Farad
gaging station to minimize flood hazards and to aug-
ment the water supply during periods of low flow and
high demand. A small dam regulates the upper 6.1 ft
of Lake Tahoe, the largest storage facility in the sys-
tem. The other dams—at Donner, Martis Creek, and
Independence Lakes—and Prosser, Stampede, and
Boca Reservoirs were built on four tributary streams.
Selected characteristics of the mgjor reservoirsin the
TruckeeRiver Basin, in additionto L ahontan Reservoir
in the Carson River Basin, are summarized in table 1.
These reservoirs are operated according to complex
legal decrees and agreements that specify conditions
for the storage and release of water. The regulations
that govern reservoir operations, described later in this
report and in the supplemental documentation, form an
integral part of the operations model.

Urban and agricultural development is not exten-
sivein the Lake Tahoe and upper Truckee River sub-
unit and requires a small percentage of the available
surface water. Most of the urban areas are around the
lake and around the town of Truckee. The year-round
permanent population around the lake is estimated at
about 50,000, but tourismincreasesdaily population by
asmuch asdoublethe permanent popul ation (Jonesand
others, 19914, p. 37). Adjacent to thelakein Caifornia,
municipal water use from both ground water and sur-
face water was estimated to be between 15,000 and
17,000 acre-ft per year in 1992 (John Sarna, California
Department of Water Resources, written commun.,
1997; Jones and others, 19913, p. 76). Water diverted
for use in areas adjacent to the lake in Nevada was esti-
mated at 6,600 acre-ft per year in 1995 (Jim Crompton,
U.S. Geological Survey, written commun., 1999). Be-
cause of concerns about lake clarity and other lake
water quality issues, municipal effluent is sewered and
exported from the basin to sites in the Truckee and
Carson River Basins. Small communities centered
around and including the town of Truckee, Cdlif., use
about 5,000-6,000 acre-ft/yr, primarily from ground
water (Jones and others, 19914, p. 76). Some small

water systems serve the ski resorts located between
the town of Truckee and the lake. Use of water for
snowmaking has been about 1,000 acre-ft/yr, but will
probably increase (Jones and others, 19914, p. 84).
Since 1980, effluent from the area around Truckee and
the ski resorts, along with effluent from the north and
west sides of the lake, receivestertiary treatment at the
Truckee-Tahoe Sanitation Agency Water Reclamation
Plant near the mouth of Martis Creek and isdischarged
into aleach field. From the leach field, the effluent
percolates to ground water and may indirectly contrib-
uteto flowsin both Martis Creek and the Truckee River
after an estimated detention period of 3 to 6 months
(Brown and others, 1986).

Developed agricultura land is negligiblein this
subunit because of the short growing season in the
mountainous terrain. Water diverted from the Little
Truckee River upstream from Stampede Reservoir for
irrigation in California outside of the Truckee River
Basin averaged about 5,900 acre-ft/yr for the period
1959-97 (Ron Vanscoy, California Department of
Water Resources, oral commun., 1997). Fish and wild-
life uses are non-consumptive, but threshold stream-
flows, called instream flows, have been established to
provide viable habitat in this and all of the Truckee
River subunits. In another non-consumptive use, water
istemporarily diverted from the Truckee River near
Floriston, Calif., close to the California—Nevada State
line, transported by awooden flumeto ariverside pow-
erplant, and returned to the river after passing through
penstocks and rotating turbines for power generation.

Middle Truckee River Subunit

TheMiddle Truckee River subunit consists of the
744-mi? drai nage areato the Truckee River between
the Farad gaging station and Derby Dam (fig. 2 and pl.
1). The section of the Truckee River contained in this
subunit is about 46 mi long. Mean annual runoff at the
USGS gaging station Truckee River below Tracy, Nev.
(hereafter referred to as Tracy gaging station; fig. 2 and
pl. 1), about 5 mi upstream from Derby Dam, for water
years 1972-96 was 580,900 acre-ft (U.S. Geological
Survey, 1997, p. 399). Many tributary streams and the
seven major upstream reservoirs provide and regulate
flow that reaches this subunit, and from thisflow, large
volumes of water are diverted for power generation,
irrigation, and municipal and industrial water supply.
Thissubunit has about 26 diversions, but not all may be
in operation every day or even every year.

10 River and Reservoir Operations Model, Truckee River Basin, California and Nevada, 1998



Although the middle Truckee River subunit is
mostly in the drier Basin and Range Physiographic
Province, the extreme southwestern part of this subunit
consists of high mountain uplands. The precipitationin
this subunit ranges from about 30 to 50 in/yr in the
southwestern uplandsto lessthan 8in/yr inthe Truckee
Meadows and along the Truckee River corridor down-
stream (east) from the Truckee Meadows (Jones and
others, 1991a, p. 31 and Hardman, 1965). The moun-
tainous southwestern part of this subunit receives
ample snowfall to provide perennial flowsto small trib-
utary streams. Flow from these small tributaries,
directly assurfacewater or indirectly throughirrigation
systems, joins the Truckee River upstream from the
USGS gaging station Truckee River at Vista, Nev.
(hereafter referred to as Vista gaging station; fig. 2
and pl. 1). Downstream from this gaging station, the
drainage consists of arid terrain and al tributary
streams are ephemeral.

Wooden flumes carry diverted water for power
generation to three power plants between the Farad
gaging station and Reno, Nev. Like the diversion for
power generation in the upper Truckee River subunit,
thewater returnsto theriver after passing through pow-
erplants. Water alsoisdiverted to athermal powerplant
for cooling purposes at Tracy, Nev. (fig. 1 and pl. 1),
between the Vista gaging station and Derby Dam.
Water not consumed by evaporation at the powerplant
was, until recently, discharged to holding ponds, where
it waslater re-used or allowed to percolateinto theriver
alluvium. Currently, the small amount of water
diverted for cooling purposesis consumed by evapora-
tion within the powerplant.

Urban and agricultural land use is extensive
throughout the middle Truckee River subunit. The
cities of Reno and Sparks, along with their adjacent
valleys, make up the Truckee Meadows in Nevada—
the most populous area of the Truckee River Basin.
Urban and suburban developments in this rapidly
growing area have replaced large areas that had been
devoted to agriculture. Rapid population growth in the
Truckee Meadows has created alarge municipal
demand for the available supply of Truckee River
water. The cities of Reno and Sparks, with acombined
population of about 187,000 people in 1990, had a
growth rate of about 32 percent from 1980 through
1990 (Jones and others, 19914, p. 40). As aconse-
guence, the increasing water demands of the growing
number of municipal and industrial users have largely
been met by the acquisition and conversion of water

rights previously used for irrigation. Highland Ditch,
aditch that used to supply water to irrigate agricultural
areas only, now conveysapart of itsflow to the munic-
ipal water-treatment plant at Chalk Bluff (pl. 1). Deliv-
ery of Truckee River water by Sierra Pacific Power
Company (SPPC) to its Truckee Meadows municipa
and industrial users was 41,440 acre-ft in 1980 and
54,209 acre-ft in 1987, an increase of about 31 percent.
SPPC isthe sole purveyor of water to municipa and
industrial usersin the Truckee Meadows. Despite
increased population growth, annua water deliveries
of Truckee River water to these users have exceeded
those of 1987 for only two years—1996 and 1997.
Municipal water-use restrictions have been necessary
to level demandsin accordance with treatment capaci-
ties during periods of heavy use during the summer.
Thus, in 1992, ayear of extreme drought, delivery of
Truckee River water to municipal and industrial users
was 42,960 acre-ft; during the high runoff years of
1996 and 1997, deliveries were 55,490 and 63,550
acre-ft, respectively (Richard D. Moser, Sierra Pacific
Power Company, written commun., 1998).

Water for municipal and industrial (M&1) useis
currently treated at two locations, the Chalk Bluff and
Glendale treatment plants (pl. 1). Water is supplied to
the Chalk Bluff plant from Highland Ditch (near Verdi,
Nev.) or from the pumping station near Orr Ditch close
to the plant site. The Glendale facility diverts water
from the Truckee River at a pumping station at the
plant. The Chalk Bluff water-treatment plant went into
servicein April 1994, to replace the Idlewild, Hunter
Creek, and Highland water treatment plants, which
were removed from water-treatment service in March
1994, September 1995, and May 1996, respectively
(Richard D. Moser, Sierra Pacific Power Company,
oral commun., 1997). About half of the M& | water
distributed is consumptively used. The other half
(wastewater from M& | uses) isreturned through a sew-
age collection system to the Truckee Meadows Water
Reclamation Facility (TMWREF), previously known as
the Reno-Sparks Sewage Treatment Plant. The treated
effluent is then discharged into Steamboat Creek near
its confluence with the Truckee River near Vista, Nev.

In the middle Truckee River subunit, Truckee
River water is diverted to agricultural lands, primarily
devoted to pasture and alfalfain the outlying areas of
the Truckee Meadows as well as along the Truckee
River corridor to the east. The diverted water flows
through intricate networks of lateral ditchesand fields.
Excess water not infiltrated to deep ground water or
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consumed by evapotranspiration (ET) may returntothe
river either (1) through drains or ditch returns at dis-
crete locations, (2) by surface flow over wide areas
where fields are adjacent to theriver, or (3) by ground-
water accretions. Drainstypically intercept water
applied to fields that either runs off the surface or
infiltrates to shallow ground water. If diverted water
isnever applied to fields, such as stockwater or excess
diverted water, it may return directly to the river
through that sameditch or indirectly through tributaries
to theriver. Agricultural water also may return to the
river along fields immediately adjacent to theriver.
Thiswater may run off thefield at several locations
or it may infiltrate to shallow ground water that subse-
quently may discharge along the river. Although
agricultural returns may enter the river at severa loca-
tionsin the Truckee M eadows, most enter the Truckee
River through North Truckee Drain from the north and
Steamboat Creek from the south. These two major
drainages al so intercept urban runoff from the Reno-
Sparks area. Steamboat Creek also receives runoff
from tributary streams with headwatersin the high
mountains southwest of the Truckee M eadows—

such as Galena, Whites, and Thomas Creeks (pl. 1).
Downstream from the Truckee Meadows, local diver-
sions carry water for irrigation of benchlands adjacent
to theriver. Agricultural water used on these bench-
lands returnsto the river at scattered locations, and is
frequently ungaged.

At Derby Dam, the downstream boundary of the
middle Truckee River subunit, asignificant percentage
of the total river flow may be diverted to the Truckee
Canal for delivery to Newlands Project irrigators along
the canal and in the Carson River Basin near Fallon,
Nev. (fig. 1). From 1973-96, the average annual diver-
sion from the Truckee River to the Truckee Canal to
supply the Newlands Project was about 166,000 acre-
ft/yr, or about 29 percent of the annual average runoff
at the Tracy gaging station (U.S. Geological Survey,
1974-75, 1976-97). Inyearswhen Carson River runoff
is below average, however, higher percentages of
Truckee River flow are diverted, typically more than
80 percent (U.S. Geological Survey, 1989-93). For
example, in 1990, about 87 percent of the annual
streamflow measured at the Tracy gaging station was
diverted to the Truckee Canal (U.S. Geological Survey,
1991, p. 271, 274). However, adjustments to the 1988
Operating Criteriaand Procedure (OCAP) were imple-
mented in December 1997 that will reduce diversions
to an average of about 90,000 acre-ft/yr.

Some of the water diverted into the Truckee
Canal is spilled back to the Truckee River at the Gilpin
Spill, located about 7.5 miles downstream from the
canal headgates. Truckee—Carson Irrigation District
(TCID) uses the spill to re-regulate or fine-tune diver-
sions to the Newlands Project. The exact amount of
the spill can vary significantly in time and has never
been gaged.

Lower Truckee River and Pyramid
Lake Subunit

The lower Truckee River and Pyramid Lake
subunit consists of the 1,440-mi? drainage area that
includes the Truckee River downstream from Derby
Dam, Pyramid Lake, and atopographically closed
basin that includes a dry lake bed, known as Winne-
mucca Lake (fig. 1). This subunit is a combination of
subunits previously described in Brown and others
(1986) and Berris (1996): the 261-mi? lower Truckee
River subunit, which includes the drainage area of the
mainstem Truckee River between Derby Dam and
Marble Bluff Dam (about 3.5 mi upstream from Pyra-
mid Lake; pl. 1), and the 1,180-mi? Pyramid Lake sub-
unit downstream from Marble Bluff Dam. The Truckee
River between Derby Dam and Marble Bluff Dam s
about 34 mi long. Mean annual runoff for water years
1958-97 at the USGS gaging station Truckee River
near Nixon, Nev. (hereafter referred to as Nixon gaging
station; fig. 2 and pl. 1), about 9.5 mi upstream from
Marble Bluff Dam, is 398,700 acre-ft (U.S. Geological
Survey, 1998, p. 388). Downstream from Derby Dam,
the Truckee River flows east to Wadsworth, Nev., and
then north to Marble Bluff Dam. Prior to the 1930’s,
the Truckee River split just upstream from the present
site of Marble Bluff Dam, and the river flowed into
either Pyramid Lake or Winnemucca L ake or both.
Since diversions to the Newlands Project began at
Derby Dam in 1905, average flow of the river dimin-
ished sufficiently to result in declines of the water lev-
elsin both lakes. By the early 1930’s, only Pyramid
Lake received inflows from the river, and by 1938
Winnemucca Lake went dry (Brown and others, 1986,
p. 20). The Truckee River currently enters Pyramid
Lake across a broad delta downstream from Marble
Bluff Dam. Theinterface of the delta and the lake
shoreline is migratory, depending on lake levels and
the volume of flow from the Truckee River. This
interface has shifted several miles during this century
because of the varying lake levels. To provide a stable
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reference point for modeling and measurements, Mar-
ble Bluff Dam was chosen as the boundary between
the lower Truckee River and Pyramid Lake subunits
previously described in Brown and others (1986) and
Berris (1996).

In the lower Truckee River and Pyramid Lake
subunit, the Truckee River flows through arid desert
terrain. Annual precipitation in this subunit ranges
from about 16 in/yr in the northwest along the crest of
the Pah Rah Range (fig. 1) to lessthan 8 in/yr along the
TruckeeRiver corridor (Hardman, 1965). Asaresult of
the arid climate, tributaries of the Truckee River flow
only intermittently. Therefore, when large amounts of
water are diverted from the middle Truckee River sub-
unit to the Truckee Cand, flows in the lower Truckee
River can be reduced appreciably. Other than from
ephemeral tributaries, inflows to the lower section of
the river are from Gilpin Spill from the Truckee Canal
and from ground-water discharge from the Fernley
area, some of which may originate from seepage from
the Truckee Canal (Van Denburgh and Arteaga, 1985,
p. 10-11).

Water is diverted from theriver at 10 locations
to irrigate land along the river corridor in the lower
Truckee River and Pyramid Lake subunit. There cur-
rently are no power-generation or municipa and indus-
trial diversionsin thereach. Irrigation water may return
to the river either as surface inflows through ditches,
return drains, or along fields adjacent to the river, or
as ground-water discharge.

Asthe Truckee River turns northward near
Wadsworth, Nev., it enters the Pyramid Lake Indian
Reservation. The reservation, created in 1859 by the
Secretary of the Interior, follows the Truckee River
corridor to Pyramid Lake and includes the entire lake
and adjacent area. Within the reservation, water is
diverted from the Truckee River to cultivate lands
along the river corridor and adjacent benchlands.

Reduced flow in the Truckee River downstream
from Derby Dam since diversion of water from the
Truckee River to the Newlands Project began caused a
decline of water leve in Pyramid Lake, the formation
of abroad shallow river deltaat Pyramid Lake, and
periodic shallow water levelsin the lower Truckee
River. Thereduced lake and river levels have hindered
the ability of fish speciesto migrate upstream to spawn
in the Truckee River. From the late 1800’ sto Septem-
ber 30, 1997, Pyramid L ake level s declined from about
3,870 ft above sea level to 3,808 ft, a net decline of
about 62 ft. In response to the 1967 listing of the

Pyramid Lake cui-ui lakesucker as an endangered spe-
cies, the Bureau of Reclamation developed Operating
Criteria and Procedures (OCAP) to maximize use of
Carson River, substantially reducing diversions of
Truckee River water to the Newlands Project. Partially
asaresult of OCAP, sincethe lowest level of 3,783.9 ft
was measured at Pyramid Lakein 1967, Pyramid Lake
levels have increased about 24.5 ft to 3,808.4 ft on
September 30, 1997 (U.S. Geological Survey, 1998,
p. 237). Water in the lower Truckee River is currently
managed for the benefit of the endangered cui-ui lake-
sucker species and to facilitate the establishment of
cottonwood trees to improve riparian canopy and fish
habitat. Fish are important to the culture and economy
of the Pyramid Lake Indian Reservation. The Pyramid
Lake Paiute Tribe and the United States are attempting
to secure more water and morewater rightsto conserve
the cui-ui aswell as the Lahontan cutthroat trout, a
threatened species of fish that has been reintroduced to
the lake since the original strain became extinct in the
lake more than 50 years ago.

Thelevel of Pyramid Lake also isimportant to
wildlife. Anaho Island National Wildlife Refuge,
located within Pyramid Lake and the Indian reserva-
tion, ishome to a colony of American white pelicans.
At very low lakelevels, aland bridge from the shoreto
Anaho Island forms allowing predators access to the
nesting area (Jones and others, 19913, p. 85).

Marble Bluff Dam was built in 1975 to help
reestablish certain fish speciesin Pyramid Lake and the
Truckee River. A fishway leading from the dam to the
lake allows some of thefish to migrate to fish-handling
facilities at the dam where fish can be captured and
eggs stripped for hatchery production, or fish can be
bypassed upriver for spawning. Recovering cui-ui
lakesucker and Lahontan cutthroat trout require more
than just minimal Truckee River streamflows. Several
interactive physical and chemical characteristics of the
river—such as volume, timing, and temperature of
flows during the spawning season and the volume/
quality of Pyramid L ake water—affect the productivity
and viability of these fish.
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CHRONOLOGY AND BACKGROUND OF
DECREES, AGREEMENTS, AND LAWS
AFFECTING OPERATIONS

Current and proposed operational practices are
the result of along history of construction and manage-
ment of facilities used to regul ate Truckee River water.
The following sections, based on selected parts of the
draft TROA environmental impact statement/environ-
mental impact report (EISEIR), describe the chronol-
ogy and background of the facilities that regulate
Truckee River water and the rules and policies that
govern their operations (Bureau of Reclamation and
others, 1998).

Early History

Thefirst facility to control the waters of the
Truckee River for beneficial use was a private dam
constructed at the outlet of Lake Tahoe in the late
1800's. That dam initiated a series of disputes over
rights to the use of the waters of the lake and the
Truckee River. Thedam was used primarily to regulate
flowsinthe Truckee River so that logs could befloated
to sawmillsin the town of Truckee, Calif. In 1902, the
predecessor to Sierra Pacific Power Company (SPPC),
the Truckee River General Electric Company (Electric
Company), obtained title to the dam. Several small run-
of-the-river hydropower plants were also constructed
on the Truckee River in Californiaand Nevada around
the turn of the century.

After Congress authorized construction of the
Newlands Project in 1902, the Bureau of Reclamation
(BOR) began construction of Derby Dam on the lower
Truckee River and construction of the Truckee Canal.
Derby Dam was completed in 1905, and the Truckee
Canal was completed in 1906. In 1903, BOR made
claim to rights to the water stored in Lake Tahoe for
delivery to the Newlands Project. Following aseries of
negotiations, the Federal Government was granted an
easement over Lake Tahoe Dam, which allowed for
morereliable water ddliveriesto the Newlands Project.
As part of these negotiations, the original “Floriston
rates’ were established in 1908, providing the first
required instream flow criteriafor theriver.

The original Floriston rates established a mini-
mum flow in theriver of 500 ft3/s from March through
September and 400 ft3/s for the remainder of the year,
aslong as water was available in Lake Tahoe for
release to the river. Floriston rates were intended to
provide sufficient streamflow for a pulp and paper

mill near Floriston, Calif., and for operation of the
hydropower plants, aswell asto supply water for other
Truckee River rights holders.

In 1913, BOR and the Truckee River Genera
Electric Company reconstructed the original dam at
Lake Tahoeto its current configuration that controls
the top 6.1 feet of storage at the lake.

Truckee River General Electric Decree

Negotiations and litigation between BOR and
the Truckee River General Electric Company (United
Sates of America v. Truckee River General Electric
Company) continued and involved property owners
at Lake Tahoe who were concerned over property
damage due to high lake water elevation. The disputes
resulted in a 1915 Federal court decree known as the
Truckee River Genera Electric Decree, which gavethe
United States an easement and theright to operate L ake
Tahoe Dam and its controlling works. The easement
and the right to operate the dam were subject to the
requirement, among others, that sufficient water be
released to maintain Floriston rates, as defined in
1908. The decree set forth the operating constraints
of the lake and granted BOR theright to use Lake
Tahoe Dam to regulate streamflows for diversion to
the Newlands Project. It did not, however, resolve
concerns of the property owners.

Truckee River Agreement

Drought situations in the late 1920’ s and early
1930’ sresulted in extensive controversy among BOR,
irrigators (both in the Newlands Project and in the
Truckee Meadows area), and landowners at Lake
Tahoe over water rights, low lake water elevation, and
attempts to pump water from the lake to satisfy down-
stream water users. Negatiations resulted in the Truc-
kee River Agreement of 1935. Partiesto the agreement
were the Federal Government, Sierra Pacific Power
Company (SPPC), Truckee-Carson Irrigation District
(TCID)#, and Washoe County Water Conservation
District. Key points of the Truckee River Agreement
include:

» Confirming and modifying the original 1908 Flo-
riston rates (table 2). The modified rates are till

4Quasi-municipal agency that is the contract operator for
BOR of the Newlands Project and operator of Derby and L ahontan
Dams, and L ake Tahoe.
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Table 2. Floriston rates as related to Lake Tahoe water-surface elevation and month 1

Floriston rates: Flow at gaging station, Truckee River at Farad,

Calif. (10346000), in cubic feet per second

Water-surface elevation at Lake Tahoe Dam

(feet, Lake Tahoe datum) October November—February March  April-September
Below 6,225.25 400 300 300 500
Between 6,225.25 and 6,226 400 350 350 500
Above 6,226 400 400 500 500

1 Based on Bureau of Reclamation and others (1998, table 1-1, p. 1-7)

in effect today. The rateswere modified to supply
M& I and irrigation demands, as well asto pro-
vide flows for hydropower generation. Under the
agreement, the modified Floriston rates are met
using unregulated streamflow and releases from
Lake Tahoe (and, when it was later built, Boca
Reservair). As shown in table 2, the modified
Floriston rates vary from 300 to 500 ft3/sat Farad,
Calif., depending on the water-surface elevation
of the lake and the month of the year. Hereafter,
the term “Floriston rates” will refer only to
modified Floriston rates.

Providing operating criteriato prevent damage
along the shoreline of Lake Tahoe from high-
water. The operating criteria provide for release
of water from the lake to prevent the water
surface from exceeding 6,229.1 ft, as much

as practicable.

Defining interrel ationships among SPPC’s
privately owned water, natural (unstored) flow,
and diverted flow asthey pertain to the Newlands
Project, the Washoe County Water Conservation
District, and SPPC.

Defining future water-storage facilities called
pondage used for the purpose of regulating

the flow of the Truckee River for the periods

(2) April 1to October 31 when Floriston rates
are not exceeded, and (2) November 1 to March
31 to the extent necessary in the operation of the
Truckee River hydroelectric plants.

Providing for construction of anew Federal dam
for a“ supplemental reservoir” (later named Boca
Reservair), allocating the water right priority for
filling the reservoir, and establishing operating
criteriafor the reservair to satisfy the exercise of
water rights by supplementing Floriston rates.

« Establishing conditions under which Lake Tahoe
could be pumped.

Construction of Additional Storage
Reservoirs in the 1930's

During the 1930’ s, additional water storage was
developed to further control flowsin the Truckee
River system. The Donner Lake Company expanded
Donner Lake Dam in 1929 to create 9,500 acre-ft of
storage in the lake. The dam was later acquired by
SPPC and TCID in 1943. In 1939, SPPC acquired
Independence Lake and Dam and enlarged the dam
to increase the lake' s usable storage capacity from
3,000to 17,500 acre-ft. Water stored inthesereservoirs
isconsidered privately owned water. SPPC water inthe
lakeis released to satisfy the exercise of SPPC water
rights. TCID’ s water in Donner Lake, when released
and diverted from the Truckee River to the Truckee
Canal at Derby Dam, is used generally to satisfy the
exercise of individual water rights for irrigation in the
Newlands Project. Independence Lake water is
released to satisfy the exercise of SPPC water rights.
Releasesfrom these reservoirsare not currently used to
achieve Floriston rates.

After Congress authorized the Truckee Storage
Project in 1935, BOR began construction of BocaDam
ontheLittle Truckee River. The dam was completedin
1939. Releases from Boca Reservoir are used to
achieve Floriston rates and to provide flood control.
The dam is operated by the Washoe County Water
Conservation District.

Donner Lake Agreement

The Donner Lake Agreement among TCID,
SPPC, and the Donner Lake Company, signed in
1943, governs the operation of Donner Lake to satisfy
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the exercise of water rights of SPPC and Newlands
Project. Withdrawals are limited during the summer
recreation season.

Orr Ditch Decree

A 1944 Federa court decree, known as the Orr
Ditch Decree, adjudicated the water rights of litigants
in a1913 suit filed by the United States (United States
of Americav. Orr Ditch Water Company) that sought to
confirm water rights for use in the Newlands Project.
The Orr Ditch Decree affirmed individual water
rights—amount, place and type of use, and priority—
and included guidelines previously specified in the
Truckee River Agreement for operating Lake Tahoe
and Boca Reservoir to serve those rights. Partiesto the
Orr Ditch Decree include the Federal Government,
SPPC, TCID, the Washoe County Water Conservation
District, and individual water rights holdersin Nevada,
many of them agricultural water usersin the Truckee
Meadows area.

Based on the date of establishment of the Pyramid
Lake Indian Reservation, the court recognized an 1859
priority date for water rights for irrigation of reserva-
tionlands. Known asClaims 1 and 2, these are the most
senior water rights on the Truckee River. The decree
also incorporates a SPPC right for a continuous flow
of 40 ft3/sfor M&| demandsin Reno, with a priority
junior only to Claims 1 and 2.

Sierra Valley Decree

Asaresult of litigation (United States of America
v. Serra Valley Water Company), the SierraValley
Decree of 1958 confirmed awater right for Sierra
Valley Water Company, which has historically
diverted water out of the Little Truckee River to the
Feather River Basin in Californiafor irrigation®. The
diversion averages about 6,000 acre-ft/yr. The Sierra
Valley Settlement Agreement of 1993 settled a dispute
concerning the point at which diversions from the
Little Truckee River will cease asaresult of the Sierra
Valley Decree.

SAgricultural landsin the Feather River Basin that receive
water from the Little Truckee River for irrigation are located in
Sierraand Plumas Counties.

Construction of Prosser Creek and
Stampede Dams

After Congress authorized the Washoe Project in
1958, BOR constructed Prosser Creek Dam on Prosser
Creek. Prosser Creek Reservoir provides 29,800 acre-
ft of storage. Construction was completed in 1962. In
accordance with the Tahoe—Prosser Exchange Agree-
ment, a portion of water stored in the reservoir may be
used to achieve Floriston ratesin lieu of release from
Lake Tahoe. Historically, water stored in the reservoir
in excessof storage under the Tahoe—Prosser Exchange
Agreement has been referred to as “uncommitted
water” and is used to benefit Pyramid Lake fish.

Under the same congressional authorization,
BOR completed construction of Stampede Dam and
Reservoir on the Little Truckee River in 1970. Stam-
pede Reservoir has a capacity of 226,500 acre-ft.
Flood-control criteria require a combined maximum
of 30,000 acre-ft of storage space in Stampede and
Boca Reservairs.

Tahoe-Prosser Exchange Agreement

The Tahoe-Prosser Exchange Agreement of 1959
provides additional criteriafor operating Lake Tahoe
and the facilities that became Prosser Creek Dam and
Reservair. The agreement is among BOR, SPPC,
TCID, and the Washoe County Water Conservation
Digtrict. The purpose of the Tahoe—Prosser Exchange
Agreement is to maintain flows immediately down-
stream from the lake. During high runoff, releasesfrom
thelakefor Floriston rates may be unnecessary. In such
acase, unlessthe lakeis spilling or being drawn down
due to high lake level conditions, the flow in the Truc-
kee River between the lake and Prosser Creek may be
amost nil. Under these conditions, the Tahoe—-Prosser
Exchange Agreement allows water to be rel eased from
Lake Tahoe to sustain instream flows for fishesin the
Truckee River between the lake and Prosser Creek in
exchange for an equal amount of water to be stored in
Prosser Creek Reservoir, if possible. Thiswasthe first
agreement in the Truckee River Basin to exchange stor-
age in onereservoir for storage in another reservoir to
achieve multiple benefits.

Endangered Species Act

The Endangered Species Act (ESA) providesfor
the protection and conservation of plant and animal
species designated by the Secretary (Secretary of the
Interior) as“endangered” or “threatened.” Cui-ui was
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listed as an endangered speciesin 1967. Lahontan cut-
throat trout wasinitialy listed asan endangered species
in 1970, but was reclassified as threatened in 1975.

Stampede Reservoir Judgement

Asaresult of litigation (Carson-Truckee Water
Conservancy District v. Watt, 1982), a Federal court
upheld adetermination of the Secretary that his obliga-
tions under the ESA took precedence over hisauthority
to contract for delivery of water for irrigation and M& |
uses. The judgement requires all storage in Stampede
Reservoir to be used to provide water for thethreatened
and endangered Pyramid L ake fishes.

Newlands Project Operating Criteria
and Procedures

Diversions to the Newlands Project from the
Truckee River were generally unregulated prior to the
implementation of Newlands Project Operating Crite-
riaand Procedures (OCAP). OCAP werefirst intro-
duced in 1967 with the objective to maximize the use
of Carson River water for the Newlands Project and
minimize the diversion of Truckee River water viathe
Truckee Canal. A more stringent OCAP that imposed a
limit on Project diversions was approved in 1973 asa
result of litigation (Pyramid Lake Paiute Tribe of Indi-
ansv. Morton, 1973) inwhich aFederal court ruled that
the Newlands Project was diverting too much water
from the Truckee River. Other OCAP swere imple-
mented in 1988 and again in 1997 (Adjusted OCAP),
which further control diversions from the Truckee
River to the Newlands Project.

OCAP includes procedures for calculating the
annual water demand of the Newlands Project and the
diversionsof Truckee River water to the Project. Mgjor
components of OCAP include provisions for a maxi-
mum annual diversion; implementation of conserva-
tion measures to improve project efficiency; and
criteriafor diverting Truckee River water to the New-
lands Project based upon the forecasted Carson River
supply for the Carson Division, Lahontan Reservoir
storage objectives (table 3), seasonal Newlands Project
demands, and current reservoir storage.

Preliminary Settlement Agreement

The PSA (Preliminary Settlement Agreement),
entered into in 1989 by SPPC and the Pyramid Lake
Tribe, is an agreement to change the operation of Fed-
eral reservoirs and the exercise of Truckee River water

rights to (1) improve spawning conditions for the
endangered and threatened Pyramid L ake fishes and
(2) provide additional M& | water for the Reno—Sparks
area during drought periods. Many provisions of the
PSA have not yet been implemented and will beimple-
mented only through TROA.

The PSA allows SPPC to store a certain amount
of privately owned water and a portion of former
agricultural water rightsin Federal reservoirsfor M&lI
drought relief. SPPC would obtain a priority right to
store this water in Stampede Reservoir. In exchange,
that portion of Floriston rate water required solely for
hydropower generation by SPPC’s Truckee River
hydropower plants would be retained in storage and
released at alater date for the benefit of the Pyramid
Lakefishes. Thiswater would be stored as credit water
with varying degrees of protection against evaporation
and spillage. Under certain conditions, some categories
of credit water could be exchanged with other catego-
ries of stored water.

Public Law 101-618

Public Law 101-618 was enacted by Congressin
1990 to provide direction, authority, and mechanism
for resolving disputes over water and water rightsinthe
Truckee and Carson River Basins. The purposes of the
mandatory and permissible actions as specified in sec-
tion 202 of P.L. 101-618 are to:

» Provide for the equitable apportionment of
the waters of the Truckee River, Carson River,
and L ake Tahoe between the States of California
and Nevada;

 Authorize modifications to the purposes and
operations of certain Federal Reclamation
project facilities to provide benefits to fish and
wildlife; municipal, industrial, and irrigation
users; and recreation,

» Authorize acquisition of water rightsfor fish
and wildlife;

» Encourage settlement of litigations and claims;

* Fulfill Federal trust obligations toward
Indian tribes;

 Fulfill the goals of the ESA by promoting the
enhancement and recovery of the Pyramid Lake
fishes; and
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Table 3. June through December end-of-month storage objectives for Lahontan Reservoir
from 1988 and Adjusted Operating Criteria and Procedures (OCAP) 1

1988 OCAP

Adjusted OCAP

Lower storage objective

Upper storage objective

Storage objective ?

Month (acre-feet) (acre-feet) (acre-feet)
Junet 215,000 — 190,000
July 160,000 162,400 160,000
August 140,000 142,200 100,000
September 120,000 122,000 64,000
October 80,000 81,500 52.000
November 160,000 162,400 74,000
December 210,000 213,600 101,000

IModified from Bureau of Reclamation and others (1998, table 1-2, p. 1-10). The end-of -month Lahontan
storage objectives for January through June are variable, with agoal of achieving a storage at the end of June of
190,000 acre-feet or 215,000 acre-feet for Adjusted OCAP and 1988 OCAP, respectively. The 1988 OCAP was
used from 1988 to 1997. Adjusted OCAP was implemented in December 1997.

2 Storage objectives listed assume annual Carson Division demand of 271,000 acre-feet.

 Protect significant wetlands from further degrada-
tion and enhance the habitat of many species of
wildlife that depend on those wetlands.

To achieve these purposes, P.L. 101-618 directs,
among other actions, negotiation of an operating agree-
ment (i.e.,, TROA). Provisions of the law directly
related to the draft TROA are discussed below. (The
following provisions were selected from alarger listin
the EIS/EIR according to their pertinence to the smu-
lation of operations.)

 Section 204 (Interstate Allocation) reaffirms the
Alpine Decree for Carson River waters and
apportions the waters of the Truckee River and
L ake Tahoe between California and Nevada
TROA may include criteria and procedures for
implementing and monitoring this apportion-
ment, which automatically entersinto effect when
TROA isadopted, and certain other conditions of
the act are satisfied. Once TROA goesinto effect,
the Interstate Allocation will provide apermanent
and final resolution to long-standing controver-
siesover the States rightsto these waters. If
TROA does not go into effect, these allocations
do not go into effect for the Carson River, the
Truckee River, or Lake Tahoe.

 Subsection 205(b) authorizesthe Secretary to use
Washoe Project facilities, Truckee River Storage
Project facilities, and Lake Tahoe Dam for the
storage of nonproject water to fulfill the purposes
of Titlell of P.L. 101-618. This authorization

formsthe cornerstone of TROA. Allowing multi-
ple use of Federal reservoirs may enhance the
water supply available for the Sierra Pacific ser-
viceareaduring drought situationsand may also
provide better control of streamflowsfor Pyramid
L ake fishes. Subsection 205(b) also authorizes
the Secretary to collect appropriate charges for
such uses.

Interim Storage Agreement

As authorized under paragraph 205(b)(3) of
P.L.101-618, the Secretary, SPPC, the Washoe County
Water Conservation District, and Pyramid Lake Tribe
reached an agreement (Contract for Storage of Sierra
Pacific Power Company Water in Stampede and Boca
Reservairs) in 1994 that allows SPPC to store addi-
tional water in Stampede and Boca Reservoirs. The
agreement provides additional storage capacity for
SPPC to meet domestic, municipal, and industrial
needs in Truckee Meadows during drought situations.
Theinitia term of the agreement is 25 years; however,
it will be superseded by TROA and is, therefore,
referred to as the interim storage agreement.

Truckee River Water Quality
Settlement Agreement

The Water Quality Settlement Agreement
(WQSA), signed in 1996, provides for acquisition of
water rightsto resolve major water quality problemsin
the Truckee River in Nevada, while simultaneously
providing amajor contribution to fish and wildlife
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resources of the Truckee River. Parties to the agree-
ment are the Cities of Reno and Sparks, the Washoe
County Water Conservation District, the Pyramid Lake
Tribe, theU.S. Department of the Interior (Interior), the
U.S. Department of Justice, the U.S. Environmental
Protection Agency (EPA), and the Nevada Division of
Environmental Protection (NDEP).

Key provisions (selected) and terms of the
WQSA areasfollows.

» Reno, Sparks, and Washoe County agreeto
provide $12 million to acquire Truckee River
water rights.

» Department of the Interior agrees to provide $12
million to acquire Truckee River water rights.

» Asprovided by draft TROA, all water associ-
ated with the acquired water rights will be stored
in ajointly managed pool in Federal reservoirs
and released according to agreed-upon manage-
ment measures and schedules to (1) augment
instream flows in the Truckee River from Reno
to Pyramid Lake, (2) improve Truckee River
water quality, and (3) maintain and preserve the
lower Truckee River and Pyramid Lake for fish,
wildlife, and recreation.

» A water supply will be established to benefit
water quality of the Truckee River downstream
from TMWRF by using Truckee Meadows sew-
age effluent rather than Truckee River water
for irrigation of certain Orr Ditch water rights;
the Truckee River water that would have been
diverted to satisfy the exercise of those Orr Ditch
water rights will either be stored in upstream res-
ervoirsor left in the river to provide this water
quality benefit.

CONSTRUCTION OF TRUCKEE RIVER
BASIN OPERATIONS MODEL

A daily operations model was constructed to sim-
ulate river and reservoir operations and streamflow for
the Truckee River Basin from Lake Tahoe to Pyramid
Lake, the Truckee Canal, and L ahontan Reservoir. This
model was constructed within alarger modeling sys-
tem that includes a database management program
(ANNIE, Lumb and others, 1990) and a program that
simulates river/reservoir operations and a variety of
hydrologic processes (Hydrological Simulation Pro-
gram-FORTRAN (HSPF), Bicknell and others, 1993).

The HSPF program is composed of avariety of
modules that are used to simulate operations or such
physical processes as streamflow-routing, stream
temperature, precipitation-runoff, and water quality.
Some of these HSPF modules can be used by
themselves, but others must be used with one or

more other modules. For example, the module used to
simulate streamflow routing can be used by itself. The
simulation of operations by HSPF, however, requires
the use of aflow-routing module and an operations
module within HSPF. Models are unique applications
of generic programs such as HSPF. Once data and
parameters unique to a particular basin are specified or
input to the program, amodel results that cannot be
used in another river or basin.

The modeling system uses the time-series data
management program ANNIE. ANNIE is an interac-
tive program designed for management of data, which
includes file creation, data set management, data anal-
ysis, and data display. ANNIE is used for the storage
and management of the daily time-series data required
to simulate various processes within a hydrologic sys-
tem. HSPF simulation modules draw input from and
write output to binary, direct-access files called Water-
shed Data Management (WDM) files.

The complex operational rules and data require-
ments of the comprehensive river-basin model
described in this report require advanced computer-
processing capabilities to facilitate the creation of new
scenarios and for summarizing and analyzing large
volumes of input and output data. An interactive
computer program, GENSCN (GENeration and analy-
sisof model simulation SCeNarios), developed by Kit-
tle and others (1998), can be used in conjunction with
the operations model described in this report. GEN-
SCN was devel oped to create simulation scenarios,
analyze results of the scenarios, and compare scenar-
ios. A variety of standard tabular, graphical, and statis-
tical tools are provided, including animation. Readers
interested in further details on the GENSCN program
are referred to the documentation for that program.

The following sections describe (1) the HSPF
program that contains flow-routing and operations
modules, (2) the flow-routing and operations modules
within HSPF to simulate daily streamflow, and (3) the
data used by the daily model to simulate flow routing
and operations.
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Description of Hydrological Simulation
Program—FORTRAN

HSPF is a computer program that can simulate
hydrologic and associated water-quality processes on
pervious and impervious land surfaces, within the soil
profile, and in drainage networks and well-mixed | akes
and reservoirs (Bicknell and others, 1993). Recently,
logical capabilities were added to HSPF to allow the
simulation of reservoir and river operations (Thomas
Jobes, Aqua Terra Consultants, written commun.,
1998). HSPF was chosen to simulate Truckee River
operations primarily becauseit can (1) simulate contin-
uous, long periods of time, including periods of storm
runoff and low flows, (2) simulate at adaily timeinter-
val, (3) smulate the hydraulics of complex natural and
manmade drainage networks, (4) produce simulation
results for many locations along ariver and itstributar-
ies, (5) simulate reservoir and river operations, and (6)
compute a detailed water budget that accounts for
inflowsand diversionsaswell asdifferent categories of
water in theriver and associated reservoirs. HSPFisan
internationally used non-proprietary program main-
tained by the Environmental Protection Agency.

A category of water isany parcel of water that is
individually accounted for in an observed or simulated
water budget. A singleriver, reservoir, lake, or diver-
sionditch may contain several categories. Water within
a category may have specific ownership, such as “pri-
vately owned stored water,” or have a designated use,
such as*“ pooled water” (used to meet a minimum-flow
requirement known as Floriston rates).

The user’scontrol input (UCI) file contains
information the user must provide to run functional
modules within HSPF. Modules describe discrete
physical processes that may be added to the UCI. The
UCI provides instructions to HSPF by defining the
required modules to simulate a particular modular
objective, such as streamflow routing. The Truckee
River Basin operations model contains modules
describing flow routing and operations. The flow-
routing modul e determines the conveyance and storage
characteristics for the stream channdl's and reservoirs,
whereas the operations module is structured to allow
development of rules that simulate human decisions
and control over inflows and outflowsto the hydrol ogic
network. The HSPF operations modulefor the Truckee
River must be run in combination with the HSPF daily
flow-routing modul e developed by Berris (1996).

The modules in HSPF include one or more
“blocks” that group the computations needed by each
module. The streamflow-routing module usesonly one
block, the RCHRES (reach-reservoir) block. The mod-
ule used in simulating operations contains two blocks,
the SPECIAL ACTIONS (SPECL) block and the CAT-
EGORY block. As previously stated, both modules,
and therefore al three blocks, are required to fully
simulate operations using HSPF. The SPECL block
contains the model code that simulates river and reser-
voir operations. The code developed for the Truckee
River Basin operations model in the SPECL block was
further subdivided for organizational clarity into “sub-
blocks,” which usually deal with specific reservoir or
river operational functions such as flood-control crite-
ria, minimum instream flows, and so forth.

The RCHRES block of HSPF can simulate
streamflow for long periods of time by numerically
representing inflow, outflow, and the hydraulics of
channels, reservoirs, and lakes. Channel inflow and
outflow may be simulated in HSPF or provided to
HSPF by external time series. Channel inflow isrouted
as streamflow through the drainage network by a mod-
ified kinematic-wave agorithm that is a component of
HSPF. The drainage network may include any natural
or manmade flow-conveyance system, but hydraulic
properties of individual reaches must be held constant.
Water lost from the drainage network is represented by
evaporation, channel outflow as seepage to ground
water, or discharge (diversion) out of the modeled
drainage network.

The SPECL and CATEGORY blocks of HSPF
can simulate reservoir and river operations over long
periods of time by the designation of water categories
in the CATEGORY BLOCK and model codein the
SPECL block (Thomas Jobes, AquaTerra Consultants,
written commun., 1998). The separation of water into
specific categoriesis handled by defining water catego-
riesinthe CATEGORY block of the UCI file. Each cat-
egory hasa“tag” that is used throughout the UCI asa
method to specify ownership of agiven water quantity.
Reservoir and river operations are governed by com-
plex rulesinlegal agreements, decrees, and regulations
that specify logical conditions for the use of water cat-
egoriesin the SPECL block. Variables are used in the
code of the SPECL block to store numerical values
necessary in the simulation processes that evaluate
these logical conditions. Accordingly, if certain condi-
tions are met during a simulation, then certain actions
are taken. The Truckee River Basin operations model
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simulates reservoir and river operations by evaluating
these conditions and executing the appropriate opera-
tionsin the model code. Conditions that are typically
evaluated during simulations include the time of year;
reservoir stage, reservoir storage, or volume of agiven
water category in areservoir; streamflow magnitude;
and fulfillment of water demands. Thus, for example,
release from the Lake Tahoe category pooled water to
satisfy Floriston rates could be programmed to occur if
the date is from April 1 through October 31 of agiven
year, if the elevation of the lake is within the range
6,223.0t0 6,225.5 ft, and if the demand for additional
water at the Farad gaging station has not been met.

HSPF simul ates operations and streamflow using
acomputational timeinterval of one day. Within each
time interval, the operations are simulated in the
SPECL block, then the results are input to the
RCHRES block where flow routing is simulated. For
the first time interval of amodel run, the model evalu-
atesinitial conditions, simulates operations accord-
ingly, and inputs the results to the RCHRES block for
flow routing. For each following time interval, condi-
tions of flow and reservoir storage existing after the
final calculationsfor the previoustime interval are the
same asthe conditions at the beginning of the next time
interval. Based on the evaluation of these conditions,
the model simulates operations, and, again, inputs the
resultsto the RCHRES block for flow routing. Because
inflows are ssimulated within the RCHRES block, the
inflows and reservoir storages evaluated for the simu-
lation of operationsin atimeinterval are from the
flow routing resultsof the previoustimeinterval. Using
this method of simulation provides operational deci-
sions at the beginning of a computational timeinterval
based on the inflows and storages from the previous
timeinterval. Thisis not unlike actual operations, in
which the runoff for a particular day isunknown at the
beginning of the day, dictating the use of the previous
day’ sinflow to guide current operations, instead of a
perfect forecast.

The previous discussion provided ageneral over-
view of the features of the method HSPF uses to route
streamflow and perform operations. Thefollowing dis-
cussion on the HSPF flow-routing module provides
description of (1) the HSPF drainage network segments
called reaches, (2) the HSPF parameters used to char-
acterize reaches, (3) how reach outlets allow delivery
of water to specific destinations, such asadownstream
reach or adiversion ditch, and (4) how HSPF routes
streamflow from reach to reach in a drainage network.

HSPF requires that the linked network of river
channels, lakes, and reservoirs be divided into seg-
ments called reaches. A reach must haverelatively uni-
form hydraulic properties. For this study, hydraulic
properties were generalized for reach segmentation to
simulate only the essentia properties that determine
streamflow and volume in the drainage network. It was
not necessary to simulate streamflow through every
pool, riffle, or diversion dam.

HSPF model parametersin the RCHRES block
represent hydraulic properties of all designated reaches
in adrainage network. Function tables of the RCHRES
block, referred to as F-tables, contain relations
between hydraulic properties of channel reaches, lakes,
and reservoirs. The hydraulic properties of channels,
which include channel shape, channel roughness, chan-
nel slope, and channel length, determine the relation of
streamflow to the volume of water stored in areach. F-
tablesfor unregulated channel reaches contain therela
tion between the two parameters streamflow at the
downstream end of areach and volume of water con-
tained in achannel reach. Water volume in storage and
corresponding streamflow are the parameters that
define how water is routed through a channel from a
reach to a downstream reach. F-tables for lakes
and reservoirs contain the relations between three
parameters—depth, surface area, and volume. These
relations for lakes and reservoirs determine the depth,
surface area, and volume of water in storage at the end
of asimulated timeinterval after al inflows (for
example, inflows from upstream reaches, tributaries,
or precipitation) and al outflows (for example, regu-
lated releases, diversions, or evaporation) have
been simulated.

A reach can have up to five outlets in HSPF.
HSPF can produce simulation results for each outlet of
agiven reach. Typically, areach outlet represents the
downstream boundary of areach and enables delivery
of water from that reach to the next downstream reach.
Reach outlets also alow diversion of water from a
reach to ditches or cands, or seepage of water from
river or lake bed to ground water. When water is
diverted from areach to aditch or canal, that ditch or
canal may or may not be apart of the modeled drainage
network. If the ditch or canal is a part of the modeled
drainage network, flow can be routed through reaches
defined for that ditch or cana system. If the ditch or
canal isnot apart of the model ed drainage network, the
water diverted from agiven reach is not routed through
the ditch or canal and is simply lost from the network.
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HSPF can route flow through adrainage network,
from reach to reach, to the designated downstream
boundary of adrainage basin. A water budget is deter-
mined for the total volume of water as well as each
water category in each reach by accounting for total
volume of water and volume of water categories enter-
ing areach, total volume of water and volume of water
categories stored in areach, and total volume of water
and volume of water categories leaving areach during
agiven timeinterval. Thetotal volume of water enter-
ing areach over agiven timeinterval isthe sum of the
volumesfrom all inflows of all water categories during
that interval. Inflowsto areach consist of all connected
upstream reaches, tributaries, precipitation, and runoff
and ground water from contributing subbasin areasthat
drain to the reach. In turn, the total water stored in a
reach in agiveninterval isthe sum of all volumes of
all water categories draining into the reach from all
connected reaches and drainage areas, plus theinitial
volume stored in the reach, minus the volume dis-
charged from the reach during thetimeinterval. The
total volume of water leaving areach over agiventime
interval isthe sum of the volumes from all outflow of
all categories during that interval.

In HSPF, outlet discharge from areach is a func-
tion of volume, afunction of time, or a combination
of both functions of volume and time. When outlet
discharge is a function of volume, the total volume of
water in the reach determines the outlet discharge as
specified by model parameters. Thevolumefunctionis
most useful when a stage-discharge relation can char-
acterize outlet discharge. When outlet dischargeisa
function of volume, water categories typicaly dis-
charge from areach in proportion to their stored
volume within that reach. When outlet dischargeisa
function of time, an external or internally generated
time series governs the outlet discharge for specific
water categories. The time function is useful when a
control structure governs outlet discharge, such asreg-
ulated releases from areservoir or regulated diversions
to meet agricultural or municipa and industrial
demands. For example, model code within the SPECL
block may internally generate atime series of Lake
Tahoe releases from specific categories to meet Floris-
ton rates, the minimum-flow requirement measured at
the downstream Farad gaging station. The numerical
value generated by the model codefor asimulated time
interva will govern the simulated rel ease from specific
lakewater categoriesfor that timeinterval asafunction

of time. When a reach has more than one outlet, then
the priority of outflow demands for each outlet can
be specified.

Water volumes may change categories when
discharged from areach. For example, uncommitted
water from Prosser Creek Reservoir will change to
fish water upon release. These and other categoriesare
defined in alater section, “ Current Water Categories.”

Flow-Routing Model

The Truckee River flow-routing model isa
necessary module for the operations model. The flow-
routing module characterizes the movement of water
into and through the reaches of the drainage network
while the operations module simulates the manmade
regulation of water movement within and out of the
drainage network. The HSPF operationsmodulefor the
Truckee River must be run in combination with the
HSPF daily-flow routing module.

Berris (1996) developed a physically based flow-
routing model constructed to simulate streamflow at
daily time intervals aong the Truckee River from the
outlet of Lake Tahoe to just upstream from Pyramid
Lake. Daily streamflow datafor water years 1978-92
for the mainstem of the Truckee River, tributaries, irri-
gation ditches, and the Truckee Canal were obtained
from severa agencies and compiled into a comprehen-
sive data base using WDM files. (A water year isthe
12-month period beginning October 1 and ending
September 30, and designated by the calendar year of
the ending date.) Where streamflow data were unavail-
able or incomplete, flowswere estimated. The Truckee
River and two tributaries, Donner Creek and Martis
Creek, were divided into 47 reaches, each with fairly
uniform hydraulic characteristics. Hydraulic character-
istics defined for the 47 reaches were based on cross-
sectional survey data obtained from field surveys and
previous studies.

Model testing demonstrated that hydraulic char-
acteristics of the Truckee River are adequately repre-
sented in the model (Berris, 1996) for arange of flow
regimes. Most of the differences between observed and
simulated streamflow resulted from inadequate data
describing inflow to and outflow from the Truckee
River, rather than from inadequate data characterizing
the hydraulic properties of the reaches. Inflow and
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outflow data were considered inadequate for reaches
where, and periods when, measurements were inaccu-
rate or data were not available.

The scope of the flow-routing model described
above was expanded from 47 reaches to 72 reaches
for use with the operations model. The additional
25 reaches include 7 reaches defined for lakes and
reservoirs in the Sierra Nevada (L ake Tahoe, Donner,
Martis Creek, and Independence Lakes, and Prosser,
Stampede, and Boca Reservoirs); 7 for channel seg-
ments along the Little Truckee River, and Indepen-
dence and Sagehen Creeks; 1 for Pyramid Lake; 1 for
Lahontan Reservoir in the Carson River Basin; and
9 for the Truckee Canal (fig. 3 and pl. 1).

The RCHRES block of HSPF routes streamflow
along connected reaches of a drainage network based
on the hydraulic characteristics of reaches (Berris,
1996). For channel reaches where outlet dischargeis
afunction of volume, F-tables represent the relation
of surface-water volume temporarily stored in the
reach to surface-water discharge at the downstream
end of the reach. Hydraulic properties, measured or
estimated at cross sections, were used to determine
volume-discharge relations for these types of reaches.
Most reaches were characterized using at least 3 cross
sections, but reaches in the Truckee Meadows were
characterized using between 12 and 18 cross sections
(Berris, 1996). Reach characteristicsalong the Truckee
Canal were computed using only 1 cross section in
some cases because of the fairly uniform channel
geometry of the canal (Carol Grenier, Bureau of Recla-
mation, written commun., 1994). For lakes and reser-
voirs where outlet discharge from areachisafunction
of time, F-tables represent the relations between depth,
surface area, and volume. F-tables were based on
hydraulic properties obtained from tables and graphs
relating depth and volume, and tables and graphs relat-
ing depth and surface areafor the following reservoirs:
Lake Tahoe (A.M. Piper, U.S. Geological Survey, writ-
ten commun., 1993); Donner and I ndependence L akes
(Sierra Pacific Power Company, written commun.,
1980); Prosser Creek Reservoir (Bureau of Reclama-
tion, written commun., 1962 and U.S. Army Corps of
Engineers, 1985); Martis Creek Lake (U.S. Army
Corps of Engineers, 1985); Boca Reservoir (Bureau
of Reclamation, written commun., 1970 and 1980);
Stampede Reservoir (Bureau of Reclamation, written
commun., 1974 and 1980); Pyramid Lake (Harris,
1970); and Lahontan Reservoir (Alan Olson, Bureau
of Reclamation, written commun., 1989).

Data for Simulation of Streamflow
and Operations

Data necessary for streamflow and operations
simulations are provided to the model either from
external time series or from within the model code of
the SPECL block. External time series are accessed
directly by the model during simulations or can be
accessed by the interactive programs ANNIE or
GENSCN during pre- or post-simulation analyses.
Data within the model code of the SPECL block are
considered to be numerical assignments to model
variables. Default values are provided, but the model
user may modify the values to create different model
scenarios through the use of the interactive computer
program GENSCN or through any standard editor
program. Descriptions and discussions of the many
types and uses of data used for numerical assignments
to model variables are provided in the two succeeding
sections—" Description and Simulation of Current
Operations’ and “ Description and Simulation of Draft
TROA and WQSA Operations’—and in the flowchart,
code, and variable listings provided in the supplemen-
tal documentation that was described in the “ Purpose
and Scope” section.

In addition to data used for variable assignments
within the SPECL block, the following types of exter-
nal time series of daily dataarerequired input to runthe
operations model for al or part of the period covering
water years 1933 to 19975.

* Streamflow data

— Reservoir inflows:
« Lake Tahoe (net inflow);
* Donner Lake;
» Martis Creek Lake;
* Prosser Creek Reservoir;
* Independence Lake;
 Stampede Reservair;
» Boca Reservair.

— River inflows:
» Ungaged tributaries to the Truckee River

upstream from Farad gaging station;

« Sagehen Creek;
 Dog Creek;

5The period of data, water years 1933-97, was chosen
because a sufficient amount of observed data were available for
use by the operations model. The period represents a wide range
of hydrologic conditions.
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* Hunter Creek;
* Carson River near Fort Churchill.

— Tributaries and channel seepage |osses between
the Farad and Vista gaging stations other than
Dog and Hunter Creeks.

» Evapotranspiration (ET) lossesfrom phreatophytes
downstream from Vista gaging station.
* Climate Data:
— Precipitation:
* Six major lakes and reservoirs upstream
from Farad gaging station’ not including
Lake Tahoe;
 Pyramid Lake;
* Truckee River precipitation from Vista
gaging station to Marble Bluff Dam.
— Evaporation:
* Six major lakes and reservoir upstream;
from Farad gaging stati on® not incl uding
Lake Tahoe;
 Pyramid Lake;
* Truckee River evaporation from Vista gaging
station to Marble Bluff Dam;
* M&I demand datafor the Truckee Meadows;
* Forecast Data:

— Lake Tahoe April-to-peak closed-gates rise;

— Little Truckee River above Boca Reservoir,
Cdlif., April to July runoff.

— Truckee River at Farad, Calif., April to
July runoff.

— Carson River at Fort Churchill, Nev., April to
July runoff

—Runoff volumefor each month from April through
November asinflow to all seven mgjor lakes and
reservoirsupstream from Farad gaging station and
intervening areas adjacent to the Truckee River
between Lake Tahoe and Farad gaging station.
Forecast is based on snowpack condition on April
1 and median temperature and precipitation there-
after.

The following sections describe the data used by
the operations model to route streamflow and to simu-
|ate operational practicesinthe Truckee River drainage
network. Other sources of data can be used, so long as
the model input requirements listed above are met. A
more detailed description of the data used for simula-

"Donner, Martis Creek, and | ndependence L akes, and
Prosser, Stampede, and Boca Reservoirs.

tions by the operations model is provided by a separate
report titled, “Hydrologic Data Used in the River and
Reservoir Operations Model, 1933-97, Truckee River
Basin, Californiaand Nevada’ (Berris and others,
2001).

Streamflow

Streamflow data are required asinput to the
USGS Truckee River Basin operations model at
upstream model boundaries and at boundaries repre-
senting locations of tributary inflow upstream from the
Vista gaging station. Upstream from the Farad gaging
gtation, inflows are provided at model boundaries by
three methods: (1) observed flow data from USGS
gaging stations, (2) water balance computations, and
(3) resultsfrom Precipitation-Runoff M odeling System
(PRMS) simulations (Leavesley and others, 1983).
Flow data measured at single gaging stations, when
available, are used asdirect input to channel reaches of
the Little Truckee River upstream from Stampede Res-
ervoir (reach 185), Sagehen Creek upstream from
Stampede Reservoir (reach 198), and the Truckee
River upstream from the Farad gaging station (reach
230). Whereinflow datafrom single gaging stationsare
not available for direct input to the model, then net
inflows are provided to model boundaries by water bal-
ance computations using datafrom two or more gaging
stations. For Lake Tahoe, net inflows, which include
streamflow gains, precipitation gains, and evaporation
losses, are determined by water balance computations
because accurate precipitation gains and evaporation
losses are not available for model simulations. Water
bal ance computations are also used to determine net
inflows for the Truckee River between the lake and the
town of Truckee (reaches 110-140) and Donner Creek
between Donner Lake and the Truckee River (reach
149) during periods when reliable gaging station data
areavailable(pl. 1). When and wherereliable flow data
from gaging stationsare not availablefor direct input to
model boundariesor for water-bal ance computations of
net inflows, then results from PRM S simulations are
provided asinflows. PRMS, aphysically based, distrib-
uted-parameter watershed model, provides simulated
daily inflows from 16 headwater subbasinsto these
model boundaries (Jeton, 2000).

Downstream from the Farad gaging station,
inflowsto the Truckee River from previously diverted
water for agricultural and M&1 use are simulated (see
the later sections “ Truckee Meadows Diversions’ and
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“Lower TruckeeRiver Diversions’). Theflow returned
to the river from previoudly diverted water for agricul-
tural uses could only be crudely estimated because
ungaged returnsfrom agiven ditch could not berelated
to nearby gaged returns from other ditches. Agricul-
tura irrigation return flows were estimated by apply-
ing simple return coefficients to diverted flows (Jeff
Boyer, U.S. District Court Water Master, oral com-
mun., 1993). M&I returns to the Truckee River were
easier to estimate because they are measured at the
Truckee Meadows Water Reclamation Facility. Simple
return coefficients were determined for each month by
comparing measured M & diversions to measured
M& I returns. M&I return flows were estimated by
applying these return coefficients to flows diverted for
Mé& | uses.

Time series containing estimates of tributary
inflows or channel seepage |osses for the reach
between the Farad and Vista gaging stations also were
estimated. Except for inflows from Dog Creek and
Hunter Creek upstream from Reno, neither sufficient
streamflow records from gaging stations nor detailed
PRMS output were available to fulfill the need for
gain/loss information for this reach of the Truckee
River. Flow data measured at gaging stations, when
available, or output from PRM S models provided daily
inflows from Hunter Creek and Dog Creek. Except for
inflows from these two basins, gains and losses for this
reach of the river come from (1) water balance compu-
tation of net inflows (1981-92) or (2) regression analy-
sis (1933-80, 1993-97). Truckee Meadows ungaged
gains and losses (TMUGL) include all ground water
inflows, tributary inflows, channel losses, and other
gains except inflows from Dog and Hunter Creeks.
TMUGL is computed as:

TMUGL =

Vistaflow — (Farad + Dog Creek + Hunter Creek
flows) + net agricultural and M&| diversions.

The daily values of TMUGL, which can contain
both positive and negative values, are input upstream
from inflows from the Truckee Meadows Water Recla-
mation Facility so that if theriver “driesup” asaresult
of TMUGL, at least the treated sewage effluent flow
volumewill be present at the reach boundary represent-
ing the Vista gaging station.

Downstream from the Vista gaging station, all of
the tributaries are ungaged and ephemeral. Tributary
inflows for the Truckee River downstream from Vista

and for the Truckee Canal do not normally supply large
seasonal or annual volumes of water and therefore are
not provided to the operations model.

Evapotranspiration

Time series of streamflow lossesdueto ET from
phreatophytes were estimated (Berris, 1996). Thetime
series were applied to the Truckee River downstream
from the Vista gaging station. Upstream from Vista,
streamflow losses were accounted for within the meth-
ods described abovethat provided inflowsto and | osses
from the Truckee River. For the Truckee Canal,
streamflow losses were accounted for by empirical
methods and applied within the model code of the
SPECL Block (Alan Olson, Bureau of Reclamation,
written commun., 1996).

Climate

The operations model requires meteorologic data
as precipitation and evaporation time series for simula-
tion of reservoir and streamflow gains and losses.
These time series were applied to lakes and reservoirs,
except for Lake Tahoe, and to the Truckee River down-
stream from the Vista gaging station. Net inflows com-
puted for Lake Tahoe include gains and losses from
precipitation and evaporation. Upstream from Vista,
gainsto streamflow from precipitation and losses to
streamflow from evaporation were accounted for
within the methods described in the section above on
streamflow data, that provided inflows to and losses
from the Truckee River. For the Truckee Canal and
Lahontan Reservoir, such gains and losses are
accounted for by empirical methods and applied within
the model code of the SPECL Block (Alan Olson,
Bureau of Reclamation, written commun., 1996). A
succeeding section, “ Truckee River Diversionsto
Newlands Project,” further describes the use of com-
puted gains and losses.

Precipitation data applied to designated |ake and
reservoir reaches and channel reaches downstream
from Vistawere based on estimates or observed mea-
surements obtained from National Weather Service cli-
mate stations, located in California, near Donner
Memorial State Park (near Donner Lake), Truckee,
Sagehen Creek, Boca Reservoir, and in Nevada, near
Reno and Wadsworth. Estimates of daily precipitation
data were necessary to extend the daily precipitation
records at some of the above climate stations back to
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1933. Estimates were made by using aregional time
series of daily precipitation data and computing the
local time series of the appropriate climate stations
listed above using statistical correlative methods (M.D.
Dettinger, U.S. Geologica Survey, written commun.,
1997, and Dettinger and Cayan, 1996). Average
monthly evaporation rates for lake and reservoir
reaches and channel reaches were estimated (Roderick
L. Hall, Sierra Hydrotech, written commun., 1994;
P.H. McGauhey and others, 1963; and SW. Hostetler,
U.S. Geological Survey, oral commun., 1994).

Municipal and Industrial Demands

The operations model requires a time series of
M& | surface-water demand for the Truckee Meadows.
M& | demand is defined as the volume of water needed
for the supply of acity, town or similar population
groups for the purposes of commerce, trade, or indus-
try. Thistime series contains estimated M& | demand
from surface-water sources in the Truckee Meadows
based on observed M& | demand data obtained from
Sierra Pacific Power Company for the index period of
January 1995 through December 1995 (Richard D.
Moser, Sierra Pacific Power Company, written com-
mun., 1995). These estimates assume there is no varia-
tion of daily M&| demand from year-to-year. For
model simulations, agrowth coefficient based on the
index period can be applied to the time series to simu-
late the increases or decreasesin M&| demand result-
ing from population growth or decline. Thus, thistime
series can be considered an index time series that can
be adjusted by the model user. Thistime seriesis used
to simulate M& | demand for water from channel
reaches of the Truckee River between the Farad and
Vistagaging stations in the operations model.

Lake Level and Streamflow Forecasts

Lake level and streamflow forecasts are often
used to guide decisions in the model for reservoir and
river operations. Forecasts of lakelevelsat Lake Tahoe
and flows at the gaging station Little Truckee River
above Boca Reservoir, near Truckee, Calif., the Farad
gaging station, and the gaging station Carson River
near Fort Churchill, Nev., were provided by the Natu-
ral Resources Conservation Service (NRCS) (Rebecca
Wray, Natural Resources Conservation Service, writ-
ten commun., 1995). Forecasts at these | ocations were
computed using the Extended Streamflow Prediction

package (ESP) (Day, 1985) and the PRM S system
(Leavesley and others, 1983) for those parts of the sim-
ulation period prior to the availability of NRCS fore-
casts. Other forecasts at locations and for periods not
afforded by the NRCS also were computed using
ESP/PRMS. All forecasts are for flows that would
occur without regulation from upstream reservoirs.

DESCRIPTION AND SIMULATION OF
TRUCKEE RIVER BASIN OPERATIONS

The constructed model simulates three major
options regarding Truckee River Basin operational
practices. Thefirst option characterizes current (1998)
operational practices and incorporates them into the
model code of the SPCL block. The second option
combines existing and proposed (draft TROA, WQSA)
operations. The second option contains all of the con-
straints from the first option, but simulates additional
proposed operations. The third option simulates
WQSA without draft TROA and is not described sepa-
rately in this report.

Thelogicinthedaily operationsmodel represents
the Truckee River operational practices that are gov-
erned by the water rights, court decrees, agreements,
regulations, and informal conventions. Policies and
rules within these legal documents can, therefore, be
considered as quantitative and qualitative data that
guided the development of the model code. Successful
simulation of Truckee River Basin operations was
achieved by representing these policiesand rulesin the
code so that simulated flows and volumes conform to
those legal constraints.

The model simulates reservoir and river opera-
tions as governed by both physical processesand legal
constraints. Initial volume and flow conditions are
derived from user-specified initial conditions. The
general logic in the operations model used to character-
ize current and proposed rules and policies governing
Truckee River operationsis shown as a flowchart on
figure 4. Boxes on figure 4 represent one or more oper-
ational subblocksin the SPECL block of the model.
The following discussion provides a generalized over-
view of the model subblocks and termsas shown inthe
flowchart. The subblocks are grouped in general classi-
fications, and each classification is defined and dis-
cussed. Tosimplify thisoverview, themodel subblocks
areonly generally referenced, and therefore the discus-
sion of the general classifications in this section does
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not follow the same order asthe boxesin the flowchart
(fig. 4). The subblocks, shown in bold italics, are dis-
cussed in more detail in subsequent sections, aswill
undefined terms introduced in the following overview.

For each time interval, miscellaneous constants
and flags are assigned in the SPECL subblock called
initial assignments and computations. Initial assign-
ments and computations are made prior to simulations
of releases, diversions, and exchanges. They include
miscellaneous constants such as reservoir outlet
capacities based on current reservoir stage; irrigation
demands transferred to other uses, such asM&| de-
mand or water-quality demand; minimum, enhanced,
and preferred flow targets; recreation pool levels;
Floriston rates targets, and M&| credit water base
amounts.

Many of these assignments are provided as
default values, but because they may be revised by the
modeler, they are called user options. Flags are integer
values that direct amodel run to simulate designated
parts of model code. Flags may be user-option flags or
computed flags. User-option flags may be revised by
themodeler. Computed flags are assigned by the model
code during asimulation.

Flood-control criteria, simulated in the subblock
flood-control criteria, determine when and how much
water must be released from reservoirs to maintain
reservoir flood-control space and thus minimize poten-
tial downstream flood damages. Flood-control criteria
govern operations for all major reservoirs in the study
area except for Lake Tahoe, where flood-control oper-
ations have not been formalized. Flood-control opera-
tions are different for each reservoir, and may include
storage of water to avoid downstream flooding; pre-
cautionary drawdowns to avoid spills by decreasing
reservoir storage to alower threshold for the winter,
called the wintertime cap; maintenance of the winter-
time cap; spring filling rules; and maintenance of max-
imum reservoir volume during the summer. Flood-
control operations are simulated by adjustment of
reservoir releases. Uncontrolled spills, as the name
suggests, cannot be managed but are computed within
this subblock because they are closely related to flood-
control criteria. Uncontrolled spills and flood-control
operations have priority over other operations and are,
therefore, simulated before other operations. Although
operationsbased on flood-control criteriaarenot tied to
specific water categories, water categoriesare assigned
to releases determined for flood-control operations
during simulations.

Storage priorities of reservoirs under current
operations, simulated in the subblock reservoir storage
priorities and pass-through requirements, dictate
when and how much water of aspecific water category
can be stored in reservoirs. The principal water cate-
gory that areservoir was built or authorized to provide
storagefor isoften called proj ect water. Dependingon
reservoir priorities, current reservoir storage, and legal
constraints, a reservoir may store project water by
retaining al or part of reservoir inflow. If areservoir
does
not currently have priority to store any project water,
then that reservoir must “pass through” all inflowsto
adownstream reach for a higher-priority use, such as
maintenance of Floriston rates or diversion to the
Truckee Canal. Thus, by adjustment of reservoir
releases in model simulations, areservoir may store
inflows or release stored water. Pass-through water
retains the same category, but water may be stored
under different categories depending on current
reservoir storage and legal constraints. Some storage
operations are allowed that facilitate coordination
of reservoir releases to increase operationa efficiency
or are made by contractual agreement. These storage
operationsinclude contract storage in Stampede
and Boca Reservoirs and storage of PCPOSW
(Power Company privately owned stores water) in
Boca Reservoir.

Just as simulated flood-control criteria determine
when and how much water must be released from res-
ervoirs, numerous simulated demands for water also
dictate rel eases from reservoir storage. These demands
are satisfied by adjustment of simulated reservoir
releases and are typically prioritized on the basis of
variousrules, policies, and conventions. Computations
that specify these rel ease adjustments are made within
several subblocks that simulate maintenance of Floris-
ton rates and instream flows, and satisfaction of a
number of demands including Power Company M&,
Newlands Project irrigation and wetlands supply,
Pyramid Lake fishes, CaliforniaM&|, and water-
quality demands. Releases may consist of either
“tagged” or “untagged” waters. Tagged rel eases must
consist of specific water categories whereas untagged
releases may consist of any category in the reservoir.
The assignment of various categories to untagged
releases is discussed in a subsequent section, “Merge
Reservoir Releases for Multiple Objectives.” When
categories are assigned to the untagged water for a
given timeinterval, they become tagged releases for
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just that time interval. Rel eases specified in this over-
view are tagged releases except for those necessary to
maintain current minimum flows and those based on
flood-control criteria. Although maintenance of current
minimum flows may requirereservoir releases, usually
no specific water categories are dedicated for their
maintenance. Aswith any release, releases to meet
demands are constrained by the capacity or hydraulic
rating of the outlet works of each dam for a given stor-
age level. It isassumed that all outlet gates in the pen-
stock and spillway are open when determining the
maximum rel ease from each reservoir.

Theterm “river diversions’ is used to reference
simulated river operations that divert water from a
channel reach to aspecific off-river point of use. These
diversions are usually outflow boundaries, and, except
for return flows, water diverted from achannel reachis
assumed to be consumptively used and islost from the
simulation. However, water diverted to the Truckee
Canal isrouted to L ahontan Reservoir along designated
reaches. M&| and agricultural demands govern the
volume of water diverted from each of the channel
reaches. For the three simulation options described
previoudy, diversions of specific water categories are
determined by subblocks governing diversionsin four
segments of the flow-routing model: (1) diversions
from the Little Truckee River to Little Truckee Ditch
for agricultural demandsin California outside of the
Truckee River Basin, determined in the subblock
Sierra Valley diversions; (2) diversions from the
Truckee River between the Farad and Vista gaging
stations to various ditches and intakes for M& | and
agricultural demands in the Truckee Meadows, deter-
mined in the subblock Truckee Meadows diversions;
(3) diversions from the Truckee River downstream
from the Vista gaging station, except for the Truckee
Canal, to various ditches for agricultural demands,
determined in the subblock lower Truckee River diver-
sions; and (4) diversion from the Truckee River to the
Truckee Canal for project demands (agricultural and
wetlands) of both the Truckee and Carson Divisions of
the Newlands Project, determined in the subblock
OCAP. Additionally, under the draft TROA simulation
option, diversions from the Truckee River near the
town of Truckee, Calif., are simulated for California
M& | usesin the subblock California M&| demands.
Diversions areinfluenced by various parameter assign-
mentsin the initial assignments and computations
subblock. For example, the diversion from the Little
Truckee River to the Little Truckee Ditchisinfluenced

by natural flow at the Farad gaging station, calculated
asoutlined by the Sierra Valley Decreein theinitial
assignments and computations subblock. Diversions
also exert influence on other simulated operations. For
example, the forecasted diversion of water from the
Truckee River to the Truckee Canal in the OCAP sub-
block influences reservoir releases for Pyramid Lake
fish determined in the subblock that satisfies cui-ui
spawning demands. Water may also be diverted
directly from Lake Tahoe and Donner Lake for local
M&I use.

Proposed reservoir releases that satisfy water
right demands and other operational requirements are
compared and eval uated to determine amerged release
value for each reservoir in the subblock merge. The
merge subblock assigns water categoriesfor those pro-
posed releases that do not require a specific category
because, for accounting, all releases must be assigned
to water categories. These untagged releases come
from the subblocks that compute rel eases necessary to
meet flood-control criteria and rel eases to make mini-
mum flows. If both untagged and tagged waters must
be released, then the untagged waters will be satisfied
by the volume of tagged water released, and will
assume the categories of the tagged-water demands up
to a maximum of the proposed tagged releases. If
untagged releases are greater than the demand for
tagged releases, then categories are assigned, by a pri-
ority scheme, to that part of the untagged releasethat is
greater than the proposed tagged rel eases. For example,
suppose flood-control operations require an untagged
release of 100 ft3/s from areservoir. Water categories
must be assigned to the entire untagged release. The
untagged release may assume up to 100 ft3/s of various
water categories from tagged rel eases from that reser-
voir. Thus, if tagged releases of 100 ft¥/sare
proposed, then the entire untagged release will be
satisfied by the 100 ft3/s tagged releases and the
untagged release may assume the categories of the
tagged releases. However, if the tagged releases are
only 60 ft3/s, then only 60 ft3/s of the 100 ft/s
untagged release will assume those water categories
from the tagged rel eases, and then categories, if present
in reservoir storage, must be assigned to the remaining
untagged release of 40 t¥/s.

A commonly used water-management transaction
known aswater exchange allowsreservoir operatorsto
meet multiple-use goals by moving stored water from
one reservoir to another. Exchanges always involve
specific quantities of specific water categories. There
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arethreetypes of exchanges: (1) nonphysical exchange
of avolume of water in oneor morereservoirsfor water
in one or more other reservoirs, which, for this report,
will bereferred to asa paper exchange; (2) release of
water from one reservoir for storage in adownstream
reservoir, often caled re-storage; and (3) release of
one or more categories of water from one or more res-
ervoirsin lieu of arelease of water of yet another cate-
gory from one or more other reservoirs, often called an
in-lieu-of exchange. Exchanges always occur after all
demands and constraints are considered to arrive a a
proposed release. Exchanges are commonly meant to
modify proposed releases of individual reservoirs, but
not the total release from all reservoirs.

Related to an exchange, theterm transfer isused
in this report to describe another mechanism to estab-
lish or accumulate proposed water categories.
Although exchanges also may be used to establish or
accumulate proposed water categories, transfers
involve only one reservoir and the gain of awater cat-
egory volume results from the conversion, or |oss, of
another category volume. Unlike exchanges, with
transfers, the total releases from reservoirs may be
modified. For example, a proposed reservoir operation
called credit storage involves the transfer of the water
category pooled water to anew credit water category.
The volume of pooled water istransferred to a new
credit water category retained in storage as a result of
the reduction of the pooled water release.

Simulation of current operations and, to a greater
extent, proposed operations use exchanges and trans-
fersof water categories between or within reservoirsas
amethod to attain multi-purpose storage and release
objectives. Exchanges that are currently practiced are
limited, but include a Tahoe-Prosser Exchange and a
Donner—-Boca Exchange. Both exchanges are simu-
lated in the subblock current exchanges. Listed below
are exchanges and transfers that are a part of proposed
operations and the operations model subblocksin
which they are simulated.

» Exchangesto meet draft TROA enhanced and
preferred instream flows—simulated in the
subblocks enhanced minimum instream flows
and preferred instream flows, respectively.

» Transfersto establish and store proposed water
categories—simulated in the subblocks Califor-
nia M&|I creation and credit storage.

 Several miscellaneous exchanges and transfers
that involve storage rules of proposed water cate-
gory volumes in specific reservoirs—simul ated
in the subblock TROA mandatory exchanges.

» Voluntary exchanges that involve specific objec-
tives, such as exchanges of water categories for
more efficient use of reservoir spills and draw-
downs, maintenance of recreational pools,
and optimal locations (in terms of security and
access) for storage—simulated in the subblocks
enhanced storage security, efficient use of
releases, and maintenance of recreational pools.

Simulated transfers are specified by criteriain
draft TROA, but exchanges may be mandatory or vol-
untary. Mandatory exchanges are specified for certain
water categories and purposesin draft TROA. Volun-
tary exchanges would be requested by interested par-
ties. Thetypesof water exchanges and water categories
involved with voluntary exchanges are discussed in
more detail later in the text.

For simulation of proposed operations, exchanges
and transfers are important methods to modify simu-
lated reservoir releases. To simulate proposed mini-
mum and preferred instream flows downstream from a
reservoir, for example, proposed water categories
might be exchanged between two reservaoirs, resulting
in reduced releases from one reservoir and increased
releases from the reservoir upstream from the instream
flow requirement. Another exampleinvolvessimulated
storage of proposed water categories by atransfer.
Establishment of Power Company M&| credit water,
for example, involves storage of the consumptive use
portion of former agricultural water rights adjudicated
by the Orr Ditch Decree (United States of America v.
Orr Ditch Water Company, Equity No. A-3 (D. Nev.
1944)) and acquired by Power Company for M&| use.
Storage of Power Company M& | credit water may only
be implemented to the extent that areservoir would be
releasing or passing through water to satisfy Orr Ditch
Decree rights and, thus, Floriston rates. Therefore,
water that would be released to maintain Floriston
rates would be held in reservoir storage and assigned
(transferred to) the category of Power Company M &I
credit water.

The preceding discussion provided a generd
overview of the simulation of many current and pro-
posed types of operations that move volumes of water
from one reach to another, from one water category to
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another, or out of areach during atimeinterval. The
result of these operations is water volumes diverted,
exchanged, or released from channels and reservoirs.
These volume and flow quantities are used by the
RCHRES block of HSPF to route flows, move water
from reaches through various outlets, and exchange
water categories from one reservoir to another.

Description and Simulation of
Current Operations

Current reservoir and river operations are imple-
mented primarily by adjusting reservoir releases,
exchanging water categories between reservoirs, and
diverting specific water categories from a channel.
Adjustment of reservoir releases alows the reservoir
operator to pass through inflows to downstream
reaches, storeinflows, and rel ease water from reservoir
storage for avariety of objectives. Exchanging water
categories between reservoirs enables water managers
to meet multiple-use goals. Finally, river diversionsto
meet irrigation and M& | demands are based on water
rights. Thefollowing sections describe currently desig-
nated water categories, currently practiced river and
reservoir operations, and losses and gains to reaches.

Current Water Categories

The following water categories and their defini-
tions are used in the USGS Truckee River Basin oper-
ations model to simulate current reservoir and river
operations.

» fish water—Waters stored in or released from
Stampede Reservoir, uncommitted water rel eased
from Prosser Creek Reservoir, or other waters
released to the Truckee River for the benefit of
threatened or endangered fishes of Pyramid Lake.

« natural water—Water that originates from
flow in Truckee River tributary subbasins not
regulated by areservoir or from flow that is
passed through areservoir without detention,
except Lake Tahoe.

» pooled water—Water stored in Lake Tahoe and
Boca Reservoir pursuant to the Orr Ditch Decree
and the Truckee River Agreement that is dedi-
cated to supporting Floriston rates. Also included
in this designation are adverse- and non-adverse-
to-cana waters stored in the reservoir. Adverse-
to-canal water, historically referred to as supple-

mental storage water, refersto the first 25,000
acre-ft of pooled water stored (or, if alesser
quantity is stored, then such lesser quantity) in
Boca Reservoir in agiven water year. Non-
adverse-to-canal water, historically referred to
as additional supplemental storage water,
refersto pooled water stored in addition to
adverse-to-canal water up to the capacity of Boca
Reservoir. Non-adverse-to-canal water cannot be
stored adverse to Truckee Canal diversions.

e privately owned stored water (POSW)—Water
stored under the water rights of Power Company
in Independence L ake and the water rights of
Power Company and TCID in Donner Lake.

e Tahoe-Prosser Exchange water (TPEW)—
Water stored in Prosser Creek Reservoir that is
established in accordancewith the Tahoe—Prosser
Exchange Agreement and intended to be released
for the purpose of maintaining Floriston rates.

e uncommitted water—Water stored in Prosser
Creek Reservoir that is dedicated to the purposes
of the Tahoe—-Prosser Exchange Agreement for
the establishment of Tahoe-Prosser Exchange
water. Uncommitted water can be used for the
benefit of threatened and endangered fishes of
Pyramid Lake.

Current Reservoir Operations

Current reservoir operations are governed by
rulesin legal decrees and agreements. These reservoir
operations primarily involve the adjustment of reser-
voir releases, but also include exchanges of water
between reservoirsin the Truckee River Basin. This
section describes currently-practiced reservoir opera-
tionsand discusses how each operation isimplemented
in the model.

Flood-Control Criteria

Flood-contral criteria are rules that specify
(1) mandatory reservation of flood-control spacein
reservoirs and (2) maximum downstream river flows.
Two typesof spillsareclosely related to operationsfor
flood-control criteria. First, an uncontrolled spill can
occur when reservoir levelsrise and outflows cannot
be regulated by reservoir outlet structures. During
uncontrolled spills, additional reservoir storage
(termed surcharge) may actually exceed design storage
values when inflows exceed the hydraulic capacity of
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the dam spillway. The second type, precautionary
drawdown releases or controlled (planned) spills,
occur when water is released through reservoir outlet
structures only to lower the reservoir level and main-
tain flood-control space in the reservoir.

Truckee River Basin reservoirs are operated
for flood-control criteria based on various regulations
and procedures specified in several documents from
different agencies. Martis Creek Lake and Prosser,
Stampede, and Boca Reservoirs are operated in accor-
dance with USCOE flood-control criteria (U.S. Army
Corpsof Engineers, 1985). Lake Tahoe hasno USCOE
flood-control criteria, but is managed according to the
Truckee River Agreement. Donner and Independence
Lakes are operated to comply with Californialicensing
requirements and dam safety criteria. Flood-control
criteriafor Lahontan Reservoir is specified for emer-
gency and general release procedures (Dave Overvold,
Bureau of Reclamation, written commun., 1996, 1997).

Flood-control criteria operate seasonaly: fall,
winter, spring, and summer. The fall precautionary
drawdown period requires that reservoir levels be
lowered to ensure sufficient flood-control space during
the winter and spring. The drawdown period typically
beginsin late summer and ends by about November 1.
During the winter, the reservoirs maintain flood-stor-
age space at a constant reservoir elevation of winter-
time cap. Thisperiod istypically November to late
March. The spring filling season, from about April to
June, isthe period when the reservoirs are filled to
maximum storage capacity with snowmelt runoff.
During the summer months, from June to August,
reservoirs are managed to meet downstream demands.

Thefollowing sections describe the flood-control
criteriafor each reservoir under current operations and
as simulated in the operations model in the subblock
flood-control criteria. General assumptions for flood-
control criteriafor all reservoirsin the model are asfol-
lows: the maximum release is based on the outlet
capacity for each reservoir with all outlet gates open
except for Lake Tahoe; when the reservoir elevationis
less than the spillway crest, the outlet capacity isthe
outlet discharge rating curve; when the reservoir eleva-
tion is greater than the spillway crest, the outlet capac-
ity isboth the outlet and the spillway rating curves; and
when the simulated flow is larger than 6,000 ft%/s at
Truckee River at Reno (reach 350), Prosser, Stampede,
and Boca Reservoirs are simulated according to flood-

control criteriato minimize releases and, therefore, to
maximize storage below their respective reservoir
spillway elevations.

Lake Tahoe

The portion of Lake Tahoe controlled by Tahoe
Dam provides 744,600 acre-ft of storage between the
natural rim elevation of 6,223.0 ft and the maximum
storage elevation of 6,229.1 ft (U.S. Geological Sur-
vey, 1996, p. 336). The goal of Lake Tahoe flood oper-
ationsisto not allow the lake elevation to exceed
6,229.1, as specified in the Truckee River Agreement
of 1935. Estimates of the forecasted rise of the lake are
made on March 1 and April 1 of each year. When the
current lake elevation is less than 6,228.0 ft, but the
estimated rise is expected to exceed 6,230.0, the out-
flow is set to the maximum rate possible to remove
that amount of water forecasted to be in excess of
6,230.0 ft. When the current lake elevation exceeds
6,228.0, the outflow is set to the maximum rate possi-
ble to remove that amount of water forecasted to bein
excess of 6,229.1 ft (the maximum storage elevation).
At low lake levels, maximum outflow rates are hydrau-
licaly controlled by the natural rim of the lake. At
high lake levels, the dam is the dominant control for
outflows. The FWM attemptsto keep Lake Tahoe
releases to the Truckee River to less than 2,600 ft3/s
to avoid potential damage to a downstream sewage
pipeline and other property damage. There is no emer-
gency spillway, nor are there fall precautionary draw-
downs or spring filling seasons defined for the lake.

The USGS Truckee River Basin operations
model simulates operations resulting from high lake
levels for Lake Tahoe as follows. In the subblock
flood-control criteria, if the simulated Lake Tahoe ele-
vation isless than 6,227.8 ft, there is no flood control
release. When the simulated lake elevation is greater
than 6,227.8 ft, the model forecasts probable maximum
elevation of the lake for the year. If the forecasted ele-
vationislessthan 6,228.5 ft, then flood control release
isset to zero. If the forecasted elevation is greater than
6,228.5 ft, then flood control releases are determined
for two cases: If Truckee River flow at Reno (reach
350) isgreater than 6,000 ft%/s, the lake releaseis set to
the inflow up to a maximum of 2,600 ft3/s; otherwise,
the forecasted volume in excess of 6,228.5 ft is then
released uniformly as a precautionary drawdown over
the next 30 days to achieve an elevation of 6,228.5 ft
at the end of the 30-day period. Whenthelake el evation
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ishigher than 6,229.1 ft, rel eases are considered, in the
operations model, to be uncontrolled spills from the
lake and outflows are compared to the maximum of
2,600 ft3/s.

Donner Lake

Donner Lake, operated by the Power Company,
can provide a maximum effective flood control space
of about 6,000 acre-ft (Richard D. Moser, Sierra
Pacific Power Company, oral commun., 1999) due to
outlet channel constraints just upstream from Donner
Lake Dam. Releases to avoid potential problems
caused by high water levels are established by Califor-
niaDivision of Safety of Damsregulations (Richard D.
Moser, Sierra Pacific Power Company, oral commun.,
1995). Within these regulations, the lake is operated
using hydrol ogic judgement, information about current
lake elevation, forecasted runoff conditions, and histor-
ical lake inflow patterns (Richard D. Moser, Sierra
Pacific Power Company, oral commun., 1995). Hydro-
logic judgement is defined as using available or fore-
casted hydrological and meteorological datato make
an operational decision. Uncontrolled spills above a
lake elevation of 5,935.8 ft will equal the lake inflows.
Thefall precautionary drawdown season is typically
defined as September 1 to November 15. During this
period, the lake elevation is reduced to 5,926.9 ft to
provide flood-control space. At that elevation, the
upper two gatesin thedam are held in the open position
from November 16 to about April 15. However, partia
filling of the lake may be allowed earlier if forecasts
indicate below-average runoff conditions.

The Donner Lake springtime filling season
occurs from about April 16 to June 15 when the lake
can befilled to amaximum allowable elevation of
5,935.8 ft, using a flexible schedule based on runoff
projections. When the lake elevation is less than the
spillway crest, the outlet capacity is the outlet dis-
chargerating curve (Richard D. Moser, Sierra Pacific
Power Company, written commun., 1995). When the
lake elevation is greater than the spillway crest, the
outlet capacity isthe spillway rating curve (Richard D.
Moser, Sierra Pacific Power Company, written com-
mun., 1995). The emergency spillway becomes effec-
tive at an elevation of 5,936.8 ft.

Thepreceding Donner Lakeflood-control criteria
wereimplemented inthe code asfollows. L akereleases
are ssimulated on the basis of the flood-control criteria
from uncontrolled spillsand precautionary drawdowns.

The flood-control criteria can be separated into five
conditions or periods: uncontrolled spills, fall, winter,
spring, and summer. To simulate uncontrolled spills
when the |ake elevation is greater than 5,935.8 ft, the
releases are set equal to the inflow times 1.5., afactor
that approximates the hydrologic judgement typically
used for uncontrolled spill operations. During the fall
precautionary drawdown season, September 15 to
November 15, lake elevation is lowered to and main-
tained at 5,926.9 ft. During this period, any water
abovethis elevation is calculated daily and parcelled
into daily volumesfor prorated rel ease from the current
date until November 15. Wintertime reservoir capacity
isspecified in the code from November 16 to May 1 on
the basis of a qualitative “runoff index,” which desig-
nates an upcoming runoff season as wet, average, or
dry according to forecasts (see the section “ Runoff
Index,” under the section “Forecasts Affecting Opera-
tional Decisions”). For example, under conditionsfore-
cast as dry, as determined by the runoff index, the
wintertime reservoir capacity is increased beginning
February 15, earlier than under normal or wet forecast
conditions. When reservoir storage exceeds the win-
tertime cap, the amount exceeding the wintertime cap
is released. Springtime reservoir capacity is specified
in the code from May 2 to June 15 based on the runoff
index and storage curves provided by Richard D.
Moser (Sierra Pacific Power Company, written com-
mun., 1995). The allowable reservoir storage is calcu-
lated every 15 days and releases are simulated on the
basis of the amount of storage above the calcul ated
springtime reservoir storage. In the summer, from June
16 to September 14, storage above 5,935.8 ftis
released.

Martis Creek Lake

Martis Creek Lake, operated by the USCOE,
can provide 20,000 acre-ft of flood-control space.
However, the full capacity of Martis Creek Lakeis
rarely used and never for extended storage. USCOE
regulations state that outlet releases are limited to 100
ft3/s duri ng periods of normal inflows (U.S. Army
Corps of Engineers, 1985, p. V1I-3). When forecasts
indicate the flow at Truckee River at Reno will exceed
14,000 ft¥/s, Martis Creek L ake outflow gates are
closed. When Truckee River at Reno flow is between
6,000 ft3/sand 14,000 ft3/s, Martis Creek Lake outflow
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is limited to the inflow. There is no specified fal pre-
cautionary drawdown season or spring filling season
defined for Martis Creek Lake.

The Martis Creek Lake flood-control criteria
were implemented in the code as follows. In the sub-
block flood-control criteria, when the simulated Mar-
tis Creek Lake elevation is greater than 5,838.0 ft and
the Truckee River flow at Reno (reach 350) is greater
than 6,000 ft%/s, the uncontrolled spill isset equal tothe
inflow. Flood control releases for Martis Creek Lake
are simulated depending on Truckee River at Reno
flow and reservoir levels under the following condi-
tions. When flow at Truckee River at Reno exceeds
14,000 ft3/s, Martis Creek Lake outflow is set to zero.
When Truckee River at Reno flow is between 6,000
ft3/sand 14,000 ft%/s, Martis Creek L ake precautionary
drawdown releases are limited to reservoir inflow.
When Martis Creek Lake level isless than 5,782 ft,
precautionary drawdowns are set equal to inflows.
Outlet releases are limited to a maximum of 100 ft3/s
during non-flood periods.

Prosser Creek Reservoir

Prosser Creek Reservoir is operated by BOR
and can provide 20,000 acre-ft of flood-control space
when thewintertime capisin place. When thereservoir
level exceeds 5,741.2 ft, the discharge rating curve
(U.S. Army Corps of Engineers, 1985, Chart A-4-2)
dictates releases for the reservoir spillway. The fall
precautionary drawdown season is defined as October
1to October 31 (U.S. Army Corps of Engineers, 1985).
However in practice, reservoir precautionary draw-
downs can begin as early as September 1. This early
drawdown date alows basin managers more flexibility
in attaining multiple uses with reservoir releasesto cre-
ate flood-control space. During this period, the reser-
voir' s elevation is reduced to 5,703.7 ft and held at or
below this level from November 1 to April 9. The
spring filling season lasts from April 10 to May 20,
based on runoff conditions, but filling can be delayed to
aslate as July 4 in wet years. If forecasted runoff is
higher than certain volumes specified by the USCOE
Flood-Control Diagram (U.S. Army Corps of Engi-
neers, 1985, Chart A-8-1), then additional reservoir
flood space must be maintained to accommodate the
increased flood threat.

Theguidelinesand rulesfor Prosser Creek Reser-
voir flood-control criteriawere implemented in the
code asfollows. In the subblock flood-control criteria,

uncontrolled spills and precautionary drawdowns are
simulated. When the simulated reservoir elevation is
greater than 5,741.2 ft, uncontrolled spills are set equal
to the hydraulic rating of the river outlet structure and
spillway combined. During the fall precautionary
drawdown season, the storage volume simulated above
reservoir elevation of 5,703.7 ft is calculated daily
beginning September 3 and precautionary drawdowns
releases are parcelled into equal daily volumesfor pro-
rated rel ease from the current date to October 31. When
reservoir storage exceedsthe 5,703.7 ft wintertime cap,
that excess water is released as precautionary draw-
downs. Allowabl e storage during the springtimefilling
season from April 10 to July 4 is based on the USCOE
Flood-Control Diagram (U.S. Army Corps of Engi-
neers, 1985, Chart A-8-1). Simulations of daily
releases of precautionary drawdowns are based on

the amount of allowable reservoir storage shown by
this diagram.

Independence Lake

Independence Lake, operated by the Power Com-
pany, can provide a maximum effective flood control
space of 3,000 acre-ft during periods when the winter-
time cap isin place. Releases to avoid potential prob-
lems caused by high water levels are established by
Cdlifornia Division of Safety of Dams regulations.
Within these flood-control criteria, thelakeis operated
using hydrol ogic judgement and information about cur-
rent lake elevation, forecasted runoff, and historical
lake inflow patterns (Richard D. Maoser, Sierra Pacific
Power Company, oral commun., 1995). When the lake
levels exceed 6,949.3 ft (17,500 acre-ft), uncontrolled
spills begin, which are governed by the spillway rating
(Richard D. Moser, Sierra Pacific Power Company,
written commun, 1995) to avoid endangering the dam
structure. The fall precautionary drawdown season is
defined as August 15 to November 1. During this
period, the lake elevation is reduced to the el evation of
the flashboards in the two bays of the emergency spill-
way (6,944.7 ft) (Richard D. Moser, Sierra Pacific
Power Company, oral commun., 1999). This flood
space allows for additional storage during high runoff
periodsin the winter. Independence Lakeistypicaly
held below 6,946.3 ft from November 2to May 15. The
springtime filling season begins May 15 and continues
until about July 15 when the lakeisfilled to a maxi-
mum stage of 6,949.3 ft or storage of 17,500 acre-ft.
The Power Company uses flexible schedulesto fill the
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lake, based on runoff projections and consideration of
temperature and remaining snowpack with reservoir
filling at the end of the runoff period.

The guidelines and rules for Independence Lake
flood-control criteriawere implemented in the code as
follows. In the subblock flood-control criteria, uncon-
trolled spills and precautionary drawdowns are simu-
lated. When the simulated |ake elevation is greater than
6,949.3 ft, the uncontrolled spills are set equal to the
inflow times 1.5, afactor used as an approximation of
the hydrol ogic judgement typically used for uncon-
trolled spill operations. During the fall precautionary
drawdown season, the simulated volume above lake
elevation of 6,944.7 ft is calculated on August 15 and
October 17 and precautionary drawdowns are parceled
into equal daily volumesfor prorated rel eases from the
current date to November 1. Wintertime (November 2
to June 1) storage limit is based on the runoff index.
For example, if the index forecasts bel ow-average run-
off conditions, the wintertime cap limit capacity is
increased beginning February 1. When reservoir stor-
age exceeds the current wintertime cap, the excess is
released. The lake storage limit during filling season
(June 2 to July 15) is based on the runoff index and
storage curves provided by R. Moser (Sierra Pacific
Power Company, written commun., 1995). The allow-
able reservoir storage is calculated every 7 days and
precautionary drawdowns are based on the amount of
storage in excess of the allowable reservoir storage
limit. From July 16 to August 14, when reservoir levels
exceed 6,948.5 ft, the excess greater than that amount
above 6,948.5 ft is released.

Stampede and Boca Reservoirs

Stampede and Boca Reservoirs, operated by the BOR
and WCWCD, respectively, provide a combined total
of 30,000 acre-ft of flood-control space. These two
reservoirs are operated in tandem for flood control.
Thefall precautionary drawdown season is defined
as October 1 to October 31. During this period, the
Stampede and Boca Reservoir elevations are reduced
to the wintertime storage limits of elevation of 5,942.1
ft and 5,596.4 ft, respectively. These elevations are
held through the winter from November 1 to April 9.
Springtime filling season for the reservoirsis from
April 10 to July 4. Springtime filling criteria are con-
strained by the USCOE Flood-Control Diagram (U.S.
Army Corps of Engineers, 1985, Chart A-8-2). Also,
when Boca Reservoir levels exceed 5,605.0 ft, uncon-

trolled spills are governed by the Emergency Spillway
Release Diagram (U.S. Army Corps of Engineers,
1985, Chart A-9).

The guidelines and rules for Stampede Reservoir
flood-control criteriawereimplemented in the code as
follows. When the simulated reservoir elevation is
greater than 5,948.7 ft, uncontrolled spills are smu-
lated as the maximum capacity of the river outlet
structure and spillway. During fall precautionary
drawdown season, the storage volume simulated above
the reservoir eevation of 5,942.1 ft is calculated daily
and releases are parcelled into equal daily amounts
from October 1 until October 31. A wintertime cap of
5,942.1 ft is specified from November 1 to April 9.
When reservoir storage exceedsthe wintertime cap, the
excess water is released as precautionary drawdowns.
Releases due to precautionary drawdowns during the
springtime filling season are made in accordance with
the USCOE Flood-Control Diagram (U.S. Army Corps
of Engineers, 1985, Chart A-8-2).

The guidelines and rules for Boca Reservoir
flood-control criteriawere implemented in the code as
follows. In the subblock flood-control criteria, when
the reservoir elevation is greater than 5,600.0 ft, the
uncontrolled spills are simulated as the volume of
water above 5,600.0 ft and are constrained by the
hydraulics of the outlet works and spillway. During
the fall precautionary drawdown season, any storage
greater than the reservoir elevation of 5,596.4 ftis cal-
culated daily and rel eased as precautionary drawdowns
in equal daily amounts from October 1 until October
31. A wintertime cap of 5,596.4 ft is maintained from
November 1 to April 9. When reservoir storage
exceeds the wintertime cap, the excess water is
released. Releases for precautionary drawdowns
during the springtime filling season are made in accor-
dance with the USCOE Flood-Control Diagram (U.S.
Army Corps of Engineers, 1985, Chart A-8-2).

Lahontan Reservoir

Lahontan Reservoir, operated by TCID, provides
317,700 acre-ft of storage between 4,060.0 ft and
4,163.67 ft, the maximum reservoir € evation with
flashboards on the spillway crest (U.S. Geologica
Survey, 1996, p. 184). The current average height of
the flashboards is 18 inches, which creates a reservoir
storage volume of 316,900 acre-ft. Operating criteria
do not alow the reservoir water surface to rise on the
flashboards until the peak spring runoff has passed
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(Alan Olson, Bureau of Reclamation, written com-
mun., 1999). L ahontan Reservoir flood operations are
designed to prevent the reservoir elevation from
exceeding a monthly maximum as specified in BOR
regulations “ General Filling Schedule and Release
Procedures’ for the reservoir (Alan Olson, Bureau of
Reclamation, written commun., 1996). Estimatesof the
rise of the reservoir are forecasted on April 1 of each
year. When the forecasted rise exceeds the maximum
allowable storage limits, water is released to satisfy
precautionary drawdown criteria. Outflow rates are
confined by the maximum capacity of the reservair
power plant and river outlet works to about 2,500 fts.
Any large releases or uncontrolled spills over the spill-
way greater than 2,000 ft3/s can create localized flood-
ing downstream from the reservoir. This condition is
avoided whenever possible. Spring filling elevations
defined for the reservoir are based on the optimal stor-
age targets set forth for each month in OCAP.

The criteria upon which flood-control releases
due to pre-cautionary drawdowns are simulated within
the USGS Truckee River Basin operationsmodel inthe
subblock flood-control criteria asfollows. Precaution-
ary drawdown releases for Lahontan Reservoir are
defined as those releases over and above the normal
releases to meet project demand. If the daily stage of
Lahontan Reservoir isless than 4,156.0 ft, then the
flood-control releaseis set equal to 0. If the daily stage
of Lahontan Reservoir isgreater than 4,156.0 ft but less
than 4,163.0 ft, aforecasted reservoir volume is com-
puted, based either on NRCS forecasts of April-July
runoff volumefor the Carson River near Fort Churchill
(used in code computations for the period January-
May) or daily inflow times 21 days (used in code com-
putations for the period June-December). The fore-
casted volume provides an estimate of inflow in the
next three weeks to approximate the judgement used
for reservoir operations. Projected releases to meet
project demand and projected reservoir losses are not
considered in this calculation. If the daily stage of
Lahontan Reservoir is between 4,163.0 ft and 4,164.0
ft, then the precautionary drawdown release is set to
3,000 ft3/s. I the daily stage of Lahontan Reservoir is
greater than 4,164.0 ft, then the precautionary draw-
down release is set to 4,000 ft3/s. If the forecasted res-
ervoir volumeis greater than 316,900 acre-ft (4,163.60
ft), then the precautionary drawdown release is set
equal to inflows (up to 3,000 ft3/s) until that volume
forecasted to be above 316,900 acre-ft has been evacu-
ated from storage.

Also, if precautionary drawdown releases have
not been set by the logic above, when the Lahontan
Reservoir volume is greater than the monthly maxi-
mum water surface-water elevation as specified in
Lahontan Genera Filling Schedule and Release Proce-
dures, the net inflowsto thereservoir arereleased up to
amaximum of 2,000 ft%/s. This monthly maximum
water surface elevation ranges from 4,157.84 ft to
4,163.67 ft.

Reservoir Storage Priorities and Pass-Throughs

A storage priority system for Truckee River res-
ervoirs determines if areservoir may or may not store
water. This priority system is based on water storage
rights. If areservoir does not havetheright to storeat a
given time, al inflows must be passed through that
“junior” reservoir to satisfy “senior” priorities down-
stream. Pass-through releases are assigned to the nat-
ural water category. When areservoir hastheright and
storage space to store water, it will retain all or part of
the reservoir inflows. Floriston rates and Newlands
Project demand for Truckee River water are parts of the
storage priority system and influence reservoir storage.

Storage Priorities

Storage operations are based on decreed storage
rightsthat necessitate a priority order for storing water
in each reservoir. The following is a priority listing of
target streamflows (Floriston rates) and annual reser-
voir storage amounts and categories that governs cur-
rent reservoir storage operations (Alan Olson, Bureau
of Reclamation, written commun., 1995). Thefirstitem
listed has a senior right to store water, and the last item
on the list cannot store water until all nine storage or
streamflow demands above it have been satisfied.

When storage and streamflow demands of senior
priorities are concurrently being satisfied or forecast to
be satisfied, reservoirs of various storage rights may
store water simultaneously as long as senior priorities
continue to be met. Notable examples of this concept
follow the list.

1. Donner Lake—9,500 acre-ft storage split equally
as PCPOSW and Truckee—Carson Irrigation Dis-
trict (TCIDPOSW). However, Donner Lake, can
provide amaximum effective flood-control space
of about 6,000 acre-ft (Richard D. Moser, Sierra
Pacific Power Company, oral commun., 1999).
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Independence Lake— initial 3,000 acre-ft storage
as PCPOSW (up to full lake capacity, whichever
isless) with winter drawdown of about 3,000
acre-ft that is needed to fill in atypical year.

3. Floriston rates —target streamflows that
satisfy Orr Ditch Decree (United Sates of
America v. Orr Ditch Water Company, Equity
No. A-3 (D. Nev. 1944)) diversion rights from
the Truckee River except for the Truckee Canal
diversion right.

4. Lake Tahoe— storage as pooled water (up to
full reservoir 6,229.1 ft elevation).

5. BocaReservoir— initial 25,000 acre-ft storage
as adverse-to-canal water (up to full reservoir
capacity, whichever isless).

6. Newlands Project — diversion to Truckee Canal
pursuant to the Orr Ditch Decree and OCAP
rights on the Newlands Project.

7. Boca Reservoir— additional 15,850 acre-ft
storage as hon-adverse-to-canal water (up to
full reservoir capacity).

8. Independence Lake — additional 14,500 acre-ft
storage as PCPOSW (up to full l1ake capacity).

9. Stampede Reservoir — 126,000 acre-ft storage
as fish water (up to full reservoir capacity).

10. Prosser Creek Reservoir— 30,000 acre-ft
storage as uncommitted water (up to full
reservoir capacity).

The Truckee River system typically is operated
according to the list above. For example, if Floriston
rates are not met, then BocaReservoir isnot allowed to
store additional water. However, when Bocais storing
the entire flow of the Little Truckee River above Boca
(satisfying its demands), Prosser Creek Reservoir is
allowed to store reservoir inflows so long as senior pri-
orities (such as Floriston rates) are being met. Two
exceptionsto the list occur in wet years. The first
exception alows Boca water to be temporarily stored
in Stampede Reservoir. That stored water isthen
rel eased to Boca based on instream flow and Stampede
power generation demands. The second exception
allows Prosser Creek Reservoir to befilled prior to the
filling of senior rightsif, according to forecasts, all res-
ervoir storage and target streamflows will be satisfied
in wet years and that water is not needed to meet Flo-
riston rates or diversion to the Truckee Canal. Indepen-

dence Lake is generally filled concurrently with Boca
Reservair, based on runoff projections. Any water
stored in the lake in excess of the legal storage rights
would bereleased for re-storagein Bocaat alater time.

The USGS Truckee River Basin operations model
simulates reservoir storage in the subblock reservoir
storage priorities and pass-through requirements as
follows. First, asimple forecast of the Little Truckee
River inflow at the mouth is made and the forecast is
used to determine whether exceptions to storage prior-
ities can be made as described above. The forecasted
inflow volumeis calculated by multiplying the NRCS
inflow forecast for Little Truckee River above Boca
Reservoir by adrainage arearatio. On the first day of
every month from January though May and again on
May 31, the forecasted inflow to Boca is added to the
simulated Boca storage. If the forecasted Boca Reser-
voir storage is greater than the reservoir capacity, then
al reservoirs are filled concurrently after target
streamflows are met. Otherwise, if the forecasted Boca
storage is | ess than the reservoir capacity, the reser-
voirs are filled according to the storage priorities. In
the latter situation, when Bocalis storing the entire
flow of the Little Truckee River above Boca (satisfy-
ing itsdemands), reservoirswith ajunior right, such as
Prosser Creek Reservoir, are not allowed to store res-
ervoir inflows.

Next, using the same list of storage priorities as
above, daily pass-through rel eases are specified on
the basis of three periods and forecasted Boca Reser-
voir storage. Thefirst period is during the non-filling
season—January 1 to April 10 and July 16 to Decem-
ber 31—when inflows are assumed to be relatively
small and all reservoirs arefilled concurrently after
target streamflows, such as meeting Floriston ratesand
Newlands Project demands, are met. The second period
is during a normal-to-dry year when Bocais not fore-
casted to have excess water during filling season of
April 11 to July 15. During this period, the reservoirs
arefilled according to the list of storage priorities. The
third period is during a wet year when Bocais fore-
casted to have excess water during filling season of
April 11 to July 15. During this period Prosser Creek
Reservoir isfilled concurrently with the other reser-
voirs. During al three periods, any pass-through
releases are assigned the natural water category.

Assumptionsin the reservoir storage priorities
subblock include the following items.
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» The model simulates the storage of water catego-
riesas specified inthelist of storage prioritiesfor
each reservoir.

» The modd does not simulate the temporary stor-
age of Boca Reservoir water in Stampede Reser-
voir for Stampede Reservoir optimal power
generation.

Reservoir Pass-Throughs and Releases to
Meet Newlands Project Demands

Storage priorities of some reservoirs upstream
from Farad are influenced by demand for Truckee
River water from the Newlands Project. According to
the Truckee River Agreement of 1935, when the New-
lands Project demand is not satisfied, a supplemental
reservoir may not store water once the supplemental
storage water impounded within a given year exceeds
25,000 acre-ft. The supplemental reservoir referred to
in the Truckee River Agreement is Boca Reservair,
and, as discussed previoudly in the section “Current
Water Categories,” the first 25,000 acre-ft of supple-
mental storage water stored in the reservoir istypically
referred to as adverse-to-canal water, because it can be
stored adverse to Truckee Cana diversions. Truckee
Canal diversions are determined by the Newlands
Project demand in accordance with Operating Crite-
riaand Procedures (OCAP) for Truckee River water
and are discussed in alater section, “ Truckee River
Diversions to Newlands Project.” Additional supple-
mentary storage water in excess of the first 25,000
acre-ft stored in the reservoir isreferred to as non-
adverse-to-canal water because it cannot be stored
adverse to Truckee Canal diversions. These two water
categories are both types of pooled water because they
aretypically released to satisfy Floriston rates. Addi-
tionally, Independence L ake, with the exception of the
first 3,000 acre-ft of annual storage, Stampede Reser-
voir, and Prosser Creek Reservoir may not store
project water when Truckee Canal diversionsto meet
Newlands Project Demands have not been satisfied
(John Simons, Bureau of Reclamation, written com-
mun., 1991).

Inflows must “pass through” a given reservoir
when Newlands Project Demands for Truckee River
water are not met. Reservoir pass throughs have the
same specific category as reservoir inflows, and
becausethewater is passed through to satisfy aspecific
demand, the pass-through is “tagged” to the inflow cat-
egory natural water. The order of reservoir pass-

throughs to satisfy Newlands Project demandsis
shown below. It isbased on storage priorities and goes
from lowest priority to highest, but the order is
reversed. (John Simons, Bureau of Reclamation, writ-
ten commun., 1991). For instance, Prosser Creek Res-
ervoir, thefirst listed item, has alow priority for
storage and therefore water must pass through if New-
lands Project demands are not satisfied.

1. Pass-through of natural water inflow from Prosser
Creek Reservair;

2. Pass-through of natural water inflow from Stam-
pede Reservoir;

3. Pass-through of natural water inflow from Inde-
pendence L ake after the first 3,000 acre-ft of
PCPOSW has been stored,;

4. Pass-through of natural water inflow from Boca
Reservoir after thefirst 25,000 acre-ft of adverse-
to-cana water has been stored.

Newlands Project demands for Truckee River
water are satisfied when the Lahontan Reservoir
monthly storage objectiveis achieved and the Truckee
Division demands are being served as defined by
OCAP or, if the objectiveis not achieved and demands
have not been met, when the Truckee Canal capacity of
about 900 ft¥/s is reached. See the section “ Truckee
River Diversions to Newlands Project” for further dis-
cussion of Newlands Project demands.

In addition to pass-throughs of inflow from
Prosser, Stampede, and Boca Reservoirs and Indepen-
dence Lake, TCID may release its portion of privately
owned stored water (POSW) from Donner Lake to sat-
isfy Newlands Project demandsiif diversionsto the
Truckee Canal allowable under OCAP and the Orr
Ditch Decree cannot meet the demand. Usually, the
release of the category TCID privately owned stored
water (TCIDPOSW) from Donner Lake is during the
fall precautionary drawdown season between Septem-
ber and November.

The USGS Truckee River Basin operations
model simulates reservoir pass-throughs to satisfy
Newlands Project demands in the subblock reservoir
storage priorities and pass-through requirements.
(Note that afollowing section, “Floriston Rates,”
describes reservoir pass-throughs for the maintenance
of Floriston rates.) The diversion rights and the status
of pooled water flows diverted to the Truckee Canal in
reference to these rights are defined in the subblock
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OCAP. Pooled water from the Truckee River is
diverted from reach 450 (upstream from Derby Dam)
to the Truckee Canal, reach 61 (plate 1). If flow
diverted to the canal isless than the diversion right,
then the model determines the deficit, which corre-
sponds to that additional flow of water needed to meet
the diversion right. An excessis computed if pooled
water at Derby Dam (reach 450, pl. 1) is more than the
sum of canal diversion rightsand Truckee River senior
downstream water rights, the latter of which must be
satisfied before water is diverted to the canal (seelater
section “Lower Truckee River Diversions’). The
excess corresponds to the water not needed to meet
Newlands Project demands and water rights down-
stream.

For simulation of operations, the order listed
below is used to simulate pass-throughs and rel eases
from storage for meeting the Truckee Canal diversion
rights. Notethat Independence Lakeisnot simulated to
provide pass-throughs for meeting the Truckee Cana
demand because it isonly rarely used in current prac-
tice (Jeff Boyer, U.S. District Court Water Master, oral
commun., 1997).

1. Pass-through of natural water inflow from
Prosser Creek Reservoir;

2. Pass-through of natural water inflow from
Stampede Reservair;

3. Pass-through of natural water inflow from Boca
Reservoir after the first 25,000 acre-ft of adverse-
to-canal water has been stored;

4. Release of TCID water from Donner Lake (from
September 1 to November 15).

The subblock reservoir storage priorities and
pass-through regquirements uses the deficit or excess
value determined previously to appropriately adjust
simulated pass-throughs and rel easesfrom the previous
timeinterval. If the Newlands Project demand cannot
be met by natural water from unregulated tributary
basins and reservoir pass-throughs and releases, then
that quantity of natural water needed to meet the
demand cannot be stored in Prosser Creek, Stampede,
and Boca Reservoirs. Natural water inflow to Martis
Creek Lakeisusualy not stored except for flood-
control operations. For simulations, natural water
inflow needed to meet Newlands Project demandsis
passed through Prosser Creek Reservoir first. If the
diversion right cannot be met after inflow has passed

through Prosser Creek, then Stampede cannot store nat-
ural water inflow and must pass through its inflow.
However, unlike Prosser Creek and Boca pass-
throughs, simulated Stampede pass-throughs do not
necessarily reduce the deficit because Stampede pass-
throughs may be stored in Boca. For Boca, if the first
25,000 acre-ft of water has been stored adverse-to-
cana in agiven year, additional natural water inflow
cannot be stored, and all or part of thisinflow must pass
through until the Truckee Canal diversion right has
been met. Lastly, if pass-through from Prosser Creek,
Stampede, and Boca Reservoirs cannot meet the canal
diversion right, TCIDPOSW water will be released
from Donner Lake if the date is between September 1
and November 15. This period isjust after the recre-
ation season and generally coincides with a period of
precautionary drawdowns to maintain flood-control
spacein the lake.

If the flow of pooled water at Derby Dam ex-
ceeds Newlands Project demands and senior down-
stream water rights, the releases and pass-throughs of
inflow are reduced accordingly in the opposite order
of that specified aboveinsofar asflood-control criteria
will allow.

For smulations, only pooled water is diverted to
the Truckee Canal for the Newlands Project. Therefore,
the natural water that passesthrough the reservoirs and
TCIDPOSW water released from Donner L ake are con-
verted to pooled water just upstream from Derby Dam.

For simulations, it is assumed that reservoir pass-
throughs and releases are made according to an estab-
lished priority. Simulations of pass-throughs for New-
lands Project demands do not attempt to coordinate
with pass-throughs from other reservoirsto benefit
other uses.

Reservoir Demands

Under existing operations, several demands are
described in legal decreesthat are satisfied using reser-
voir releases and river diversions; Floriston rates,
instream flows, Pyramid Lake fish, and POSW
demands to satisfy M&I and irrigation water rights.

Floriston Rates

Floriston rates, described in the previous section
“Chronol ogy and Background of Decrees, Agreements,
and Laws Affecting Operation,” are minimum-flow
criteriafor the Truckee River at the California-Nevada
boundary and congtitute the chief operational objective
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for theriver (table 2). When flow rates measured at the
USGS gaging station near Farad, Calif., meet Floriston
rates, al agricultural, M&I, and hydropower water
rights under the Orr Ditch Decree are assumed to be
satisfied, except for Newlands Project demands.

According to the Truckee River Agreement of
1935, when Floriston rates are not met by the natural
flow of theriver, pooled water stored in Lake Tahoe
and Boca Reservoir may be released to eliminate any
deficit. The agreement specified priorities of reservoir
release to attain Floriston rates when natural water in
the river, alone, cannot maintain the rates. The major
use of pooled water in Lake Tahoe isfor maintenance
of Floriston rates. Pooled water stored in the Boca Res-
ervoir isalso released for Floriston rates. The timing of
the Boca pooled water release depends on when the
water was stored and if it was stored adversely to
Truckee Canal diversion rights. Additionally, between
April 1 and October 31 of any given year, the reservoir
used for Floriston rates depends on the water-surface
elevation of Lake Tahoe (table 2). If the water-surface
elevation is greater than 6,225.5 ft, then rel eases of
Tahoe pooled water are minimized while releases of
pooled water from Boca are maximized. If Boca
releases of pooled water are insufficient to maintain
Floriston rates, then additiona pooled water will be
released from the lake. If the water-surface elevation
of the lake islessthan or equal to 6,225.5 ft between
April 1 and October 31, then releases of pooled water
from the lake are used to maintain Floriston rates. If
the pooled water release from the lake is insufficient
to maintain rates, then pooled water from Boca will
be released.

Prosser Creek Reservoir, completed in 1962,
provides another storage source from which to achieve
Floriston rates. Uncommitted water isthe project water
stored in the reservoir. In accordance with the Tahoe—
Prosser Exchange Agreement of 1959, Prosser uncom-
mitted water may be exchanged to a water category
called Tahoe—Prosser Exchange water (TPEW) if
releases of pooled water are made from Lake Tahoe to
meet minimum instream flows rather than to meet Flo-
riston rates. TPEW stored in Prosser Creek Reservoir
through the Tahoe—Prosser Exchange Agreement can
later be used as though it were Lake Tahoe pooled-
water storage to maintain Floriston rates.

The Truckee River Agreement and other legal
decrees and informal conventions or arrangements
specify the order of reservoir releases to maintain
Floriston rates assigned to the four water categories:

(1) pooled water in Lake Tahoe, (2) adverse-to-canal
water in Boca Reservoir, (3) hon-adverse-to-canal
water in Boca Reservoir, and (4) TPEW in Prosser
Creek Reservair. The adverse-to-canal and non-
adverse-to-canal water categoriesin Boca are both
pooled water, but are differentiated by whether the
pooled water was or was not stored adverseto Truckee
Canal diversion rights. Adverse-to-canal water isthe
first 25,000 acre-ft of pooled water stored in Boca and
has a higher storage priority than water diverted to the
Truckee Canal. Non-adverse-to-canal water isthe addi-
tional storage of pooled water and has alower storage
priority than water diverted to the canal. In current
practice, reservoir releases to maintain Floriston rates
are not necessarily made sequentially (one at atime),
but are commonly blended from more than one reser-
voir to satisfy other operational objectives. Recre-
ational objectives are also considered in current
operational practices when assigning orders to reser-
voir releases for Floriston rates. Recreational objec-
tives include maintaining minimum storage levels that
enhance activities such as boating and fishing.
Although Donner Lake is the only reservoir that has a
legal recreational pool, Prosser Creek and Boca Reser-
voirs may be operated to provide recreational pools.

The USGS Truckee River Basin operations
model simulates the maintenance of Floriston rates as
follows. First, in the subblock initial assignmentsand
computations, the status of flow at the Farad gaging
station (reach 240) is defined in reference to Floriston
rates. The categories natural water flow and pooled
water flow are added, and that sum, hereafter in this
discussion called pooled water, is compared with target
rates as defined in table 2. If the summed pooled water
flow isless than the target rates, then the deficit is
determined to be that additional flow of water needed
to maintain the rates. Likewise, if the summed pooled
water flow is more than the target rates, the excessis
determined to be that amount of pooled water not
needed to maintain the rates.

Thefollowing list isthe order of water categories
and sources used to maintain Floriston rates. A more
detailed description follows the list.

1. Natural water inflows from unregulated tributary
subbasins (sidewater).

2. Pass-through of natural water inflow from
Prosser Creek Reservoir.
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3. Pass-through of natural water inflow from
Stampede Reservoir.

4. Pass-through of natural water inflow from
Boca Reservoir.

5. Release of pooled water from Lake Tahoe if:

a. Flow just downstream from the lake does
not meet the minimum instream flow target.

b. The date is between April 1 and October 31
and if the water surface elevation is between
6,223.0 (outlet rim) and 6,225.5 ft, or

c. The date is between November 1 and
March 31.

6. Release of Tahoe—Prosser Exchange water
from Prosser Creek Reservoir if:

a. The dateisbetween April 1 and September 3
(recreation season) and if total reservoir
water volume is greater than or equal to
19,000 acre-ft (recreation volume threshold),
or

b. The date is between September 4 and
March 31.

7. Release of adverse-to-canal water from
Boca Reservoir.

8. Release of non-adverse-to-canal water from
Boca Reservoir.

9. Release of Tahoe—-Prosser Exchange water from
Prosser Creek if the date is between April 1 and
September 3 and if total reservoir water volume
is less than 19,000 acre-ft.

10. Release of pooled water from Lake Tahoe if the
date is between April 1 and October 31 and if the
water surface elevation is greater than 6,225.5 ft.

The subblock maintenance of Floriston rates,
uses the deficit and excess determined previously to
appropriately adjust releases from the previoustime
interval to maintain rates for the current interval. If
sidewater, reservoir pass-throughs of natural water, and
reservoir releases from the previous timeinterval can-
not maintain rates for the current time interval, then a
deficit exists, and that quantity of natural water inflow
to Prosser Creek, Stampede, and Boca Reservoirs
needed to eliminate the deficit cannot be stored, and
thus must pass through that reservoir. Natural water
inflowsto Martis Creek Lake are usually released,

except when they are stored for flood-control opera-
tions. As previously discussed in the section “ Storage
Priorities,” only up to 3,000 acre-ft of Independence
Lake inflow may be stored adverse to Floriston rates.
However, for simulationsit is assumed that the lake is
not operated to provide pass-throughs for meeting Flo-
riston rates because it is only rarely used in current
practice. Donner Lakeinflow, however, may be stored
adverseto Foriston rates. Inflow to Lake Tahoeiscon-
sidered pooled water for model simulationsand, asdis-
cussed earlier, will bereleased as necessary to maintain
Floriston rates. For simulations, natural water inflows
needed to make rates are passed through Prosser Creek
Reservoir first, Stampede Reservoir second, and Boca
Reservair third. The order is assumed on the basis of
storage priorities specified by reservoir storage rights
(Jeff Boyer, U.S. District Court Water Master, ora
commun., 1994).

If Floriston rates cannot be met after inflowshave
passed through Prosser Creek, Stampede, and Boca
Reservairs, then releases of stored water must be made
from Lake Tahoe, Prosser, or Boca. Thefirst choicefor
release is pooled water from Lake Tahoe if (1) addi-
tional releases are aso needed to maintain minimum-
flow targets just downstream from the lake, (2) if date
isbetween April 1 and October 31 and if the water-sur-
face elevation is between 6,223.0 ft (the rim) and
6,225.5 ft, or (3) the date is between November 1 and
March 31. Minimum-flow targets just downstream
from Tahoe are specified as 50 ft3/s between October 1
and March 31, and 70 ft3/s for the remainder of the
year, asdescribed in the subsequent section “ Minimum
Instream Flows.”

If pooled water releases from Lake Tahoe are
not adequate to maintain Floriston rates, then Tahoe—
Prosser Exchange water (TPEW) from Prosser Creek
Reservair isthe next priority for release, depending on
recreational objectives. For simulations, the recre-
ational season isdefined between the dates April 1 and
September 3. If the date is outside of the recreational
season or if the date is within the recreationa season
and water volume in Prosser is greater than the recre-
ational volume threshold (19,000 acre-ft), then TPEW
is considered for release to maintain Floriston rates
(Jeff Boyer, U.S. District Court Water Master, oral
commun., 1994).
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If pooled water releases from Lake Tahoe and
TPEW from Prosser are not adequate to maintain Flo-
riston rates, then pooled water releases from Boca, as
adverse-to-canal water and non-adverse-to-canal water
(inthat order) are the next priorities for release.

After BocaReservoir, the next priority for release
isfrom TPEW from Prosser Creek Reservoir (1) if the
volume of the reservoir isless than the recreational
threshold of 19,000 acre-ft and (2) if the date iswithin
the reservoir recreational season.

Finally, if al appropriate water categories are not
available to maintain Floriston rates under the condi-
tions stated above, pooled water isreleased from Lake
Tahoe if the water-surface elevation of the lakeis
above 6,225.5 ft and if the date is between April 1 and
October 31. When natural water flowsin the Truckee
River arelow and volumes of the appropriate water cat-
egoriesin thelake and Prosser and Boca Reservoirsare
inadequate to maintain rates during drought periods,
rates of pooled water and natural water flow at the
Farad gaging station may be less than Floriston rates.

If Floriston rates are exceeded, then releases and
pass-throughs of inflow are reduced accordingly inthe
opposite order specified above. Rates of pooled water
and natural water flow at the Farad gaging station com-
monly exceed Floriston rates during periods of high
water, such as during the spring snowmelt season or
during large storm eventsin the winter and spring.
During these conditions, even though reservoir rel eases
may be reduced to zero, inflows to the Truckee River
from sidewater or natural water inflows passed through
reservoirs in accordance with flood-control criteria,
may be large enough to exceed the rates. However,
the goal of the subblock maintenance of Floriston
ratesisto maintain pooled water and natural water
flows at the Farad gaging station as close as possible
to Floriston rates.

Several assumptionswere used in the model code
development for simulation of Floriston rates.

» Similar to the simulation of reservoir pass-
throughs for Newlands Project demands, Inde-
pendence Lake is not simulated to provide pass-
throughs specifically for the maintenance of Flo-
riston rates. In current practice, it is not com-
monly operated to meet rates.

» No volume objective for recreation is considered
for Boca Reservoir when computing rel eases for
Floriston rates. However, elsewhere in the model
code, as described in the related draft TROA sec-

tion “Voluntary Exchanges,” recreational thresh-
old volumes of Boca are considered.

» Reservoir releases are simulated by rank order.
Simulations of releases for Floriston rates do not
attempt to combine reservoir releases from more
than one reservoir to optimize other objectives.
However, in the code simulating draft TROA and
WQSA operations as described later in this
report, water categories are exchanged and
releases amongst reservoirs are blended to meet
multiple objectives such as storage of credit
waters, attaining enhanced and preferred flows,
maintaining reservoir recreational volumes, and
storage of water categories for enhanced storage
security in preferred reservoirs. Such exchanges
may result in releases for Floriston rates from
more than one reservoir.

» The specified order of reservoir pass-through of
inflows for Prosser Creek, Stampede, and Boca
Reservoirsisbased on reservoir storagepriorities.
It was assumed that pass-through of inflows
would be in the opposite order of storage priori-
ties.

» Thespecified ordersof reservoir releasesfor Lake
Tahoe, and Boca and Prosser Creek Reservoirs
were partially assumed because Prosser was com-
pleted more than 25 years after the Truckee River
Agreement specified orders of release for Lake
Tahoe and the supplemental reservoir, Boca.
Additionally, in the simulation of adverse- and
non-adverse-to-canal releases from Boca, dates
of storage of these waters, as described in the
Truckee River Agreement were not considered.
Instead, adverse-to-canal water was assumed to
be released prior to non-adverse-to-canal water.

* Net inflow to Lake Tahoe is considered pooled
water rather than natural water for model simula
tions. Therefore, pass-throughs for maintenance
of Floriston rates are not simulated for Tahoe.

Minimum Instream Flows

Several reservoirsin the Truckee River Basin are
operated to provide rel eases necessary to maintain min-
imum instream flows just downstream from the reser-
voirs. The following list describes minimum instream
flows for each reservoir.
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L ake Tahoe

The Tahoe—Prosser Exchange Agreement of
1959 requires releases from Lake Tahoe
pooled water storage to maintain minimum
instream flows just downstream from the lake
during periods when arelease from storage
would otherwise not be required to maintain
such flows. The agreement requires amini-
mum instream flow below the lake of 50 ft%/s
between October 1 and March 31 and aflow
of 70 ft3/s for the remainder of the year if that
same amount of water can be exchanged to
Tahoe-Prosser Exchange water (TPEW) in
Prosser Creek Reservoir from storage of
Prosser inflow that would otherwise pass
through the reservoir or from previousy
stored uncommitted water. Uncommitted
water in Prosser is water already in storage,
but TPEW is only created by the Tahoe—
Prosser Exchange. Thus, the availahility of
uncommitted water for exchange in Prosser
may limit Lake Tahoe releases to maintain
instream flows.

Donner Lake

Releases are made to maintain a minimum
instream flow downstream from the lake of

2 ft3/s when the flow immedi ately below the
confluence with Cold Creek is 5 ft3/s or more.
Otherwise, the minimum instream flow is

3 ft3/s. Between November 15 and April 15,
the upper two gates of the dam must be held
open and, as aresult, instream flows are gov-
erned by inflowsto the lake. According to the
Donner Lake Indenture of 1943, water cannot
be released from the lake if the water surface
elevation islower than 5,932.0 ft and the date
is between June 1 and August 31.

Martis Creek Lake

No minimum instream flow requirements exist
downstream from Martis Creek Lake.

Prosser Creek Reservoir

Releases are made to maintain a minimum
instream flow downstream from Prosser of

5 ft3/s or inflow to the reservoir, whichever is
less.

Independence Lake

Releases are made to maintain a minimum
instream flow downstream from the | ake of
2 ft¥s.

Stampede Reservoir

Releases are made to maintain a minimum
instream flow downstream from Stampede of
30 ft3/s. These releases may be re-stored in
Bocaif alowed in conformance to storage
rules.

Boca Reservoir

No minimum instream flow requirements exist
downstream from Boca Reservoir.

The USGS Truckee River Basin operations
model simulates reservoir releases to maintain mini-
mum instream flows in four subblocks. The subblock
initial assignments and computations assigns pro-
posed releasesfrom each reservoir to maintain instream
minimum flows. The subblock reservoir releasesto
meet minimum flows modifies the proposed releases
by applying various rules and constraints for all reser-
voirs required to release for minimum flows except
Lake Tahoe. The subblock merge then compares pro-
posed untagged releases for minimum flows to other
proposed releases that are tagged, such as tagged
releases of pooled water to meet Floriston rates. As
previoudy discussed in the section “ Description and
Simulation of Truckee River Basin Operations,” the
merge subblock assigns water categories for those
proposed untagged releases for minimum flows. For
Lake Tahoe, pooled water releases for minimum flows
are simulated by the Tahoe—Prosser Exchangelogicin
the subblock current exchanges.

Proposed rel eases from Donner Lake to maintain
minimum flows are set to 3 ft3/sin the subblock initial
assignments and computations. Although required
releases may be reduced from 3 ft3/s to 2 ft3/s depend-
ing on Donner Creek flow downstream from Cold
Creek, for model simulations, flow data are not avail-
able to determine such areduction. Model code in the
subblock reservoir releases to meet minimum flows
limits the proposed release to the outl et capacity of the
dam for the current water surface elevation, and if the
current water surface elevation of the lake isless than
5,932.0 ft between June 1 and August 31, reduces the
proposed release to zero. Model code in the subblock

River and Reservoir Operations Model, Truckee River Basin, California and Nevada, 1998



merge compares the proposed release to other tagged
releases for assignment of water categoriesto the
release.

Proposed releases to maintain minimum flows
from Prosser Creek Reservoir, Independence L ake,
and Stampede Reservoir are set to 5, 2, and 30 /s,
respectively, in the subblock initial assignments and
computations. For these reservoirs, model code in the
subblock reservoir releases to meet minimum flows
limitsthe proposed rel eases to the outl et capacity of the
dams for the current water surface elevation and, for
Prosser, the inflow to the reservoir. Asfor Donner
Lake, model code in the subblock merge comparesthe
proposed releases to other tagged rel eases for assign-
ment of water categoriesto the releases.

Proposed pooled water releases from Lake Tahoe
to maintain minimum flows are set to 50 t3/s between
October 1 and March 31 and 70 ft3/s for the remainder
of theyear. Inthe model code that simulatesthe Tahoe—
Prosser Exchange in the subblock current exchanges,
the proposed minimum-flow release from the lakeis
limited to the storage of Prosser Creek Reservoir
inflow that would otherwise pass through the reservoir
or from previously stored uncommitted water available
for exchange to Tahoe—Prosser Exchange water in the
reservoir (see subsequent section, “ Tahoe—Prosser
Exchange”). Use of the subblock mergeis not neces-
sary because releases for minimum flows from Lake
Tahoe are tagged as pooled water. A user option may
allow the minimum flow to be set equal to the flow
needed for rafting activities, about 200 ft%/s.

Pyramid Lake Fish

Because cui-ui and Lahontan cutthroat trout in
Pyramid Lake are listed as endangered and threatened
species, respectively, under the ESA, the Department
of the Interior isresponsible for the recovery of these
species. Severd plans to accomplish the recovery of
these species have been devel oped (Strekal and others,
1992; Buchanan and Strekal, 1988) and management
activities and species response to environmental condi-
tions have been documented (Heki, 1994, and Heki and
Cowan, 1994). These plans include goals of providing
optimal spawning habitat and providing upstream
storage of water for later release during times when
fish spawn.

An important objective for fish recovery isto
provide spawning habitat. Cui-ui spawn in the lower
Truckee River, typically between March and July

depending on river flow and accessto theriver. Spawn-
ing and development of eggs and larvae are affected
by water depth, velocity, temperature, and quality.
Spawning and rearing factors are largely functions of
the lower Truckee River flow during certain times of
the year, which is affected by reservoir storage and
releases, diversions, and natural and return flowsto the
river downstream from reservoirs. Biologists have
developed procedures to promote spawning and
recruitment by regulating theflow of thelower Truckee
River (Strekal and others, 1992, Buchanan and Strekal,
1988). These procedures establish flow regimes and
cui-ui flow targets at Truckee River near Nixon (here-
after referred to as the Nixon gaging station) based on
water availability and management options. Although
flows are currently managed to encourage cottonwood
growth for shade along the lower Truckee River, no
formal criteria have been established that could be
incorporated into the model code. In addition, no flow
management strategy has been developed yet for
Lahontan cutthroat trout.

Flow regimes can be defined according to the
level or timing of spawning activity for a given spring
runoff season. Flow regimes have been separated into
four groups: (1) full spawning with early (mid-June)
completion, sometimes referred to asa “fish run,”

(2) reduced spawning to allow for human collection of
eggs, (3) no spawning, or (4) full spawning with late
(mid-July) completion. Flow regimes are based on the
forecasted Pyramid Lake level, “attraction flows” at
Pyramid Lake, water volume available for spawning,
and thetime of theyear. Attractionflowsare defined by
the average Truckee River discharge into Pyramid
Lake from January to April of a spawning season
which, if sufficient, may serve as astimulusto initiate
aspawning run (Buchanan and Strekal, 1988, p. C-2).
Cui-ui flow targets are set on the basis of the flow
regime (table 4) and maximum flows (up to 2,500 ft3/s)
during a spawning season at the Nixon gaging station.
Asflow targets vary, changesin flow are smoothed or
“ramped” gradually, such that large changes between
daily flows are minimized.

A related objectivefor fish recovery isto provide
storage of water in Truckee River Basin reservoirs for
spawning. The judgement Carson-Truckee Water Con-
servancy District v. Watt, 1982 requires all project
water in Stampede Reservoir to be for the benefit of
Pyramid Lake fishes. Uncommitted water stored in
Prosser Creek Reservoir in excess of storage under the
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Tahoe—Prosser Exchange Agreement also has been
reserved (Bureau of Reclamation, 1959) to provide
water for releaseto Pyramid Lake for spawning habitat.

Current Pyramid L ake fish operations are used to
manage the water available for spawning flows at
Nixon gaging station, based on the (1) determination of
flow regimes and cui-ui flow targets, (2) demand fore-
cast and inflow forecasts, and reservoir storage rights,
and (3) fish water available in Stampede and Prosser
Creek Reservoirs.

Large releases from Boca Reservoir are some-
times necessary to satisfy Pyramid Lake fish flow
targets. Hydraulic constraints of the outlet structure at
Boca require commitment of additional stored waters
used to maintain Boca stages sufficient to attain these
large releases. This temporarily stored water in Boca
is called Boca pressur e water. Boca pressure water
is delivered to Boca Reservoir from Stampede Reser-
voir during full spawning regimes from about April 1
to May 30 (Garry Stone, U.S. District Court Water
Master, oral commun., 1996). The Boca stage neces-
sary for Boca pressure water is about 5,560.6 ft.
(9,000 acre-ft), which is the hydraulic head necessary
to release 1,000 ft3/s, or about 2,000 acre-ft/d, through
the outlet works. Fish water from Stampede Reservoir
is used to maintain Boca pressure water targets (Ches-
ter Buchanan, U.S. Fish and Wildlife Service, written
commun, 1997) and instream flows.

The USGS Truckee River Basin operations
model simulates Pyramid Lake fish operationsin
the subblock as follows: (1) initial numerical assign-
ments and computations are made, (2) the amount of
water available for fish operationsis computed, (3) the
flow regime and cui-ui flow targets are determined,
(4) releases of stored fish water from Truckee River
Basinreservoirsare determined to maintain cui-ui flow
targets, and (5) releases from Stampede Reservoir are
determined to maintain Boca pressure water.

First, cui-ui flow targets are set equal to targets
described by the recovery plans (Strekal and others,
1992; Buchanan and Strekal, 1988). Other assignments
that are used in simulations of Pyramid L ake fish oper-
ations include the following items: (1) “attraction
flow” accumulator at reach 540 (near Nixon) isreset to
zeroon January 1, and (2) maximum flow accumulator
at reach 540 isreset to zero on January 1. The maxi-
mum flow accumulator is limited to 2,500 ft%/s. These
items are discussed below in the text.

After initial numerical assignments and com-
putations are made, the amount of water available
for Pyramid Lake fish operationsis computed in the
subblock Pyramid Lake fish operations. This amount
includes existing storage of fish watersin reservoirs
plus forecasted inflow to the Truckee River Basin
minus forecasted demands for serving Orr Ditch rights
and Newlands Project demands, minus forecasted
senior rights in upstream reservoirs for reservoir
storage minus allowance for 10,000 acre-ft in Prosser
Creek Reservoir and 50,000 acre-ft in Stampede
Reservair (Alan Olson, Bureau of Reclamation, oral
commun., 1996).

Next, the flow regime and cui-ui flow targets
are determined. Flow regimes are determined on
January 1, March 1, April 1, May 1, and August 1 on
the basis of the Pyramid Lake level, attraction flow
accumulator at Nixon, water volume available for
spawning, and the month. As discussed previously,
theoretical flow regimes have been separated into four
groups: (1) full spawning with early (mid-June) com-
pletion, (2) reduced spawning to allow for human col-
lection of eggs, (3) no spawning, and (4) full spawning
run with later completion. Flow regime 4 was not sim-
ulated because it was not likely to occur in actual oper-
ations (Chester Buchanan, USFWS, oral commun.,
1997). On the basis of the cui-ui flow regime, the cui-
ui flow target (table 4) is specified asaflow at Nixon
gaging station (reach 540). The targets vary according
to date, flow regime, total attraction flow, and maxi-
mum flow at reach 540 since January 1. Ramping
between cui-ui flow targetsis simulated by varying
flow targets gradually in the model by about 95 ft%s
per day.

Next, the model determines releases from Truc-
kee River Basin reservoirs for the maintenance of
cui-ui flow targetsat Nixon gaging station. The amount
of water available for Pyramid Lake fish operations
is compared to the cui-ui flow target at reach 540. If
the available flow isless than the target, then a deficit
is determined as that additional flow of water needed
to achieve the target. Likewise, if the available flow
is greater than the target, an excessis determined as
the amount of available cui-ui flow not needed to main-
tain targets.

The following are the current water categories
and sources used to maintain cui-ui flow targets (Ches-
ter Buchanan, U.S. Fish and Wildlife Service, written
commun, 1997).
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Table 4. Fish flow targets to optimize spawning success by regulation of flows at
Truckee River near Nixon, Nevada (from Strekal and others, 1992, and Buchanan

and Strekal, 1988)

[Symbol: >, greater than]

Fish flow targets at the Truckee River near Nixon gaging station
(cubic feet per second)

Flow regime 1

Flow regime 2

Flow regime 3 Flow regime 4

January 90 50
February 120 50
March 190 50
April 1570 50
May L 251 000 150
June 350 0
July 0 0
August 0 0
September 0 0
October 0 0
November 0 0
December 0 0

0 90
120

190

1570
121,000
121,000
450

O OO O OO oo oo o
o O O o

0

1 Transition between fish flow targets are changed or “ramped” such that daily change in flows

are 95 cubic feet per second.

2Fishflow target equals maximum simulated daily streamflow at reach 540 but does not exceed

2,500 cubic feet per second.

3Fishflow targets are ramped down to 50 cubic feet per second by June 30.
4 Fish flow targets are ramped down to 50 cubic feet per second by July 31.

1. Boca Reservoir fish water (from Stampede
Reservair). The delivery of Pyramid Lake fish
water from Stampede through Bocais described
later in this section.

2. Prosser Creek Reservoir uncommitted water.

Thesubblock Pyramid L akefish operations uses
the simulated deficit or excess computation to adjust
releasesevery third day to allow for travel timeto reach
540 from upstream reservoirs. If the cui-ui flow target
is not being met by available cui-ui flow, then addi-
tional releases of stored fish water must be made from
Truckee River Basin reservoirsin the order specified
above. If existing cui-ui flow targets are exceeded, then
reservoir releases are reduced accordingly in the oppo-
site order specified above.

The following discussion describes how the
operations model simulates the maintenance of Boca
pressure water volume for current operations. Boca
pressure water is delivered to Boca Reservoir from
Stampede Reservoir inthe model during flow regime 1
from March 1 to June 5. The status of existing fish
water storage and total stage in Bocais compared to
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the Boca pressure water targets of 2,000 acre-ft and
5,560.6 feet, respectively. If either the simulated Boca
fish water storage or elevation isless than the target,
then the deficit is determined as that additional volume
of water needed for storage in Bocato maintain the
volume of Boca pressure water targets. Fish water
released from Stampede is used to maintain Boca
pressure water targets.

The following assumptions were used in the
model code to simulate the Pyramid Lake fish opera-
tions.

+ A tolerance of 10 ft/sis used to determine when
Pyramid Lake fish rel eases from upstream reser-
voirs Boca or Prosser are necessary. If Nixon
flows are within 10 ft3/s of the targets, no addi-
tional releases are made. Thistolerance may be
modified by the user.

« Operationsto promote the growth of cottonwood
treesalong thelower Truckee River corridor were
not included because the hydrograph recession
guidelines provided by the U.S. Fish and Wildlife
Service (LisaHeki, written commun., 1997) fell
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within the cui-ui spawning flow recession and
thus would be superseded by them.

Privately Owned Stored Water

Privately owned stored water (POSW) is
defined as water owned by the Power Company
(PCPOSW) or TCID (TCIDPOSW). PCPOSW water
is established and typically stored in Donner and Inde-
pendence Lakes. However, under certain conditions
PCPOSW may aso be stored in Stampede and Boca
Reservoirs. TCIDPOSW is established and stored in
Donner Lake. Hereafter, reservoir and river operations
regarding PCPOSW and other water rights owned by
the Power Company will be called “ Power Company
operations’ and those operations regarding TCID-
POSW inDonner Lakewill becalled“ Truckee—Carson
Irrigation District operations.”

Current Power Company operations use guide-
lines based on decrees and rulings, inflow forecasts,
current runoff conditions, and reservoir storage to
determine a strategy for satisfying M&| demands
(Richard D. Moser, Sierra Pacific Power Company,
written commun., 1995). Power Company water
supplies consist of ground-water and surface-water
resources. Power Company ground-water supplies are
pumped from wells throughout the Truckee Meadows.
Use of the ground-water suppliesis spatially and tem-
poraly distributed in a given year. The monthly distri-
bution of ground-water pumpage for 1995 has been
provided by the Power Company (Richard D. Moser,
Sierra Pacific Power Company, written commun.,
1995). The maximum annual ground-water pumpage
for M&1 is based on forecasted and actual runoff con-
ditions (Richard D. Moser, Sierra Pacific Power Com-
pany, oral commun., 1995). Power Company surface-
water supplies can be separated into two groups: Power
Company water originating from reservoir storage of
POSW and Power Company water originating from
river sources.

Power Company water originating from reservoir
storage rights currently includes PCPOSW in Donner
and Independence Lakes, and recent agreements have
allowed the Power Company to store additional
PCPOSW in Boca and Stampede Reservoirsfor power
generation and M&| supplies during droughts. In the
Truckee River Agreement, the Power Company is
allowed to consistently store up to 800 acre-ft of
PCPOSW in Boca Reservoir (called Boca pondage).
This volume of water allows the Power Company to

store PCPOSW in Bocafor use in regulating flow for
power generation and meeting Floriston rates. The
Interim Storage Agreement (Bureau of Reclamation,
1994) allows the Power Company to store PCPOSW
(called contract storage) in Stampede and Boca Res-
ervoirs. The agreement is intended to provide addi-
tional storage capacity for SPPC to meet domestic,
municipal, and industrial demands in Truckee Mead-
ows during drought years. Also, the agreement stipu-
lates that any PCPOSW stored above 5,000 acre-ft in
Stampede and Boca Reservoirs above the Boca pond-
age be exchanged to fish water on September 1.
PCPOSW released from Independence and Donner

L akes (see the section “Donner—Boca Exchange,”
under “Current Operational Exchanges’) and Stam-
pede Reservoir during summer and fall precautionary
releases and to meet enhanced flows from Stampede
are used to fill the contract storage. When TROA
isfinalized, the Interim Storage Agreement will

be nullified.

Independence Lakeisinformally operated with
consideration of minimum pool of 7,500 acre-ft for
Lahontan cutthroat trout access to spawning habitat
upstream from the lake (Richard D. Moser, Sierra
Pacific Power Company, written commun., 1995).

The Power Company’ s water supply originating
from river sourcesis defined by the Truckee River
Agreement of 1935 and Orr Ditch Decree (United
Satesof Americav. Orr Ditch Water Company, Equity
No. A-3 (D. Nev. 1944)). These documents provide
rules and priorities for the allocation of Truckee River
water to Truckee Meadows water-rights downstream
from the Farad gaging station (see section “Truckee
Meadows Diversions.” The Truckee River Agreement
specifies that the Power Company shall have the right
to thefirst 40 ft¥/s of pooled water in the Truckee River
at Farad (Truckee River Agreement, p. 7). Addition-
ally, the Power Company has been purchasing agricul-
tural water rights defined by the Orr Ditch Decree and
converting them to M&| water rights. Current (1991)
converted water rights are defined in a FWM table
“Truckee Meadows Priorities” (Jeff Boyer, U.S. Dis-
trict Court Water Master, written commun., 1994). The
Truckee River Agreement of 1935 also specifies that
the Power Company has the right to the first 13.6 ft%/s
of water in Hunter Creek, which isalso used asaM& |
water right.

Determination of Power Company demandsis
based on historical patterns of M& | water use and pop-
ulation (Richard D. Moser, Sierra Pacific Power Com-
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pany, oral commun., 1995). The Power Company
historically has diverted water to five treatment plants
—Glendale, Chak Bluff, Highland, Hunter, and
Idlewild. Asof 1995, diversionsare only being madeto
the Glendale and Chalk Bluff plants; Highland, Hunter
and Idlewild have been retired. M eeting thedemandsis
based on available surface- and ground-water supplies
and availability and limits of surface-water treatment
capacity. Ground-water use is maximized in adrought
in order to conserve surface-water supplies (Richard D.
Moser, Sierra Pacific Power Company, oral commun.,
1999). Surface-water suppliesstoredin areservoir may
be carried over from one year to the next.

The USGS Truckee River Basin operations
model simulates Power Company operations by first
making numerical assignments and computations are
made to determine Power Company M& | demands
and location of M& | diversions. Logic in the subblock
Power Company operationsis used to determine:

(1) PCPOSW originating from reservoir storage and
water originating from the Orr Ditch Decree, (2) M&|
diversions amounts, (3) Boca Reservoir storage of
PCPOSW, and (4) reservoir storage of PCPOSW
according to the Interim Storage Agreement.

Firgt, in the subblock initial assignments and
computations, three options were developed to deter-
mine the Power Company M& | demands. The first
option uses the rate of population growth from 1995 to
determine the M& I demand. A user-defined variable
incrementally changes the 1995 M& | demand prior to
and subsequent to 1995, assuming a constant relation
between population and M& | demand. This demand
changes every year, based on the assumption of con-
stant percentage growth of population. The second
option uses historical M& | demands from the Power
Company for 1977-97. Thethird option usesaconstant
M& | demand pattern (currently set at the 1995 demand
pattern) from the Power Company for all years of a
simulation run. In all three options, the model diverts
M& | water to two treatment plants—Chalk Bluff and
Glendale plants—using afixed monthly distribution to
the plants based on historic diversions for 1995-97.

Other computations include the following items.

» Determination of the maximum annual ground-
water pumpage for M& | is based on whether the
forecasted runoff index designation is computed
to be normal, wet, or dry (seethe section “ Runoff
Index,” under the section “Forecasts Affecting
Operational Decisions”). Oncethe annua amount

is determined, monthly supplies from ground
water are computed on the basis of historica
pumpage datafor normal, wet, or dry yearsin the
Truckee Meadowsarea(Richard D. Moser, Sierra
Pacific Power Company, written commun, 1995).

« A tolerance of 5.0 ft%/sis used to determine when
the PCPOSW releases are necessary. If releases
are within 5.0 ft%/s of targets, no additional
releases are made.

Next, M&| sources are determined in the sub-
block Power Company operations. First, all ground-
water and surface-water M& | supplies are summed.
This sum includes M& | surface-water supplies origi-
nating from river rights (as determined in the section
“Truckee Meadows Diversions’), Hunter Creek M& |
supplies, current PCPOSW releases from Truckee
River Basin reservoirs, and ground-water M& | sup-
plies. If the supplies arelessthan the demands, then the
deficit is determined as that additional flow of water
needed to satisfy M& | demands. Likewise, if the sup-
plies are more than the demands, the excess is deter-
mined to be that water not needed to maintain M& |
demands.

Thefollowing list identifies the surface-water
sources used to satisfy M& | demandsin the Truckee
Meadows. Specific ground-water sources are not simu-
lated by the model.

« First 40 ft3/s of Truckee River pooled water and
first 13.6 ft3/s of Hunter Creek streamflow per
Truckee River Agreement.

» Available Orr Ditch Decree (United Sates of
Americav. Orr Ditch Water Company, Equity
No. A-3 (D. Nev. 1944)) agricultural rights flow-
ing inthe Truckee River converted to M&| rights
(see section “Truckee Meadows Diversions’).

» Release of PCPOSW from Boca Reservoir.
PCPOSW in Boca originates from Stampede
Reservoir or Independence Lake.

» Release of PCPOSW from Donner Lake if the
date is between April 1 and August 31 and if the
lake elevation is above 5,932.0 ft (recreational
pool) per Donner Lake Indenture (see section
“Maintenance of Recreational Pools’) or if the
date is between September 1 and March 31.
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The subblock Power Company operations uses
the deficit or excess determined previously to adjust
simulated releases computed for the previous time
interva. If M&I demands cannot be met by current
streamflow, then releases of stored PCPOSW water
must be made from Truckee River Basin reservoirs.
Thefirst choicefor releaseis BocaReservoir PCPOSW
if the date is between April 1 and August 31. If
PCPOSW releases from Boca cannot be made or are
not adequate to satisfy M& | demands, then PCPOSW
from Donner Lake is next for release. The filling of
M& | water suppliesin BocaReservoir from Stampede
Reservoir and Independence Lake is described below.
If M&I supplies exceed demand, then reservoir
releases are reduced accordingly in the opposite order
specified above. The M& | diversions are then simu-
lated at the appropriate quantity and location.

The USGS Truckee River Basin operations
model simulates the maintenance of Boca Reservoir
PCPOSW, which facilitates Power Company access
to their water. In this subblock the volume of Boca
PCPOSW storage is compared to 800 acre-ft. If the
current Boca PCPOSW storageislessthan 800 acre-ft,
then the deficit is determined to be the additional stor-
age of water needed to attain the 800-acre-ft require-
ment. The categories and sources used to maintain
Boca PCPOSW storage are PCPOSW in Stampede
Reservoir and PCPOSW in Independence Lakeif Inde-
pendence Lake storage is greater than 7,500 acre-ft.

The subblock Boca re-regulation usesthe
demand deficit determined previously to adjust
rel eases simulated for the previous time interval. If
BocaReservoir PCPOSW hasadeficit, then rel eases of
stored M& | water must be made from Little Truckee
River Basin reservoirs upstream from Boca. The first
choicefor release is PCPOSW in Stampede Reservair.
If PCPOSW releases from Stampede are not adequate
to achieve Boca PCPOSW storage, then PCPOSW
from Independence L ake above the storage of
7,500 acre-ft is the next priority for release.

The following discussion describes how the
model simulates reservoir storage according to the
Interim Storage Agreement. The model alows the
Power Company to store Interim Storage Agreement
PCPOSW in Stampede Reservoir only under current
operating rules. To store PCPOSW in Stampede
according to the interim storage agreement, PCPOSW
may bereleased from Independence L ake and re-stored
in Stampede during three periods. First, during the
summer period, July 16 to August 17, Independence

L ake waters may be released for the Interim Storage
Agreement if (1) lake storage is above a storage of
7,500 acre-ft, (2) lakereleases arelessthan 30 ft%/s, and
(3) Stampedelevelsare below reservoir storage limit of
226,500 acre-ft. Second, during the precautionary
drawdown period, August 18 to November 1, lake
releases are increased to lower the lake to wintertime
cap. For both periods, these rel eases can be stored in
Stampede Reservoir as PCPOSW aslong as Stampede
storageisbelow the flood-control criteria storage limit
for that period. On September 1, any PCPOSW stored
in Stampede greater than 5,000 acre-ft is exchanged to
fish water. Fish credit water is not smulated as a sep-
arate water category under current conditionsin the
operations mode!.

Truckee-Carson Irrigation District operations
using TCIDPOSW from Donner Lake are described in
the sections “ Truckee River Diversions to Newlands
Project,” “Reservoir Pass-Throughs and Releases to
Meet Newlands Project Demand,” and “Merge Reser-
voir Releases for Multiple Objectives.”

Current Operational Exchanges

Exchangesunder current operationsarein-lieu-of
exchanges. In thistype of exchange, water is released
from one reservoir in exchange for storage of an equal
volume of water in another reservoir. Three common
exchangesare currently practiced and simulated by the
operations model: the Tahoe—Prosser Exchange, the
Donner—Boca Exchange, and the Boca—Stampede
Exchange.

Tahoe—Prosser Exchange

The Tahoe-Prosser Exchange Agreement of 1959
specifies the operation of Lake Tahoe and Prosser
Creek Reservoir in order to meet multiple uses (Bureau
of Reclamation, 1959). This agreement requires
releases from Lake Tahoe to maintain minimum
instream flow in the Truckee River downstream from
thelake during periodswhen water would otherwise be
stored and accumul ated for later release. The required
minimum flows downstream from the lake are 50 ft%/s
between October 1 and March 31 and 70 ft%/s for the
remainder of the year. In exchange for the minimum-
flow releases, an equivalent volume of water must be
stored concurrently in Prosser Creek Reservair in order
to compensate for the release from the lake when not
required for Floriston rates. Prosser water from the cat-
egory uncommitted water or Prosser rel eases of natural
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water are used for the exchange. As pooled water is
released from the lake solely to meet minimum
instream flows, an equivalent volume of natural water
releases or uncommitted water are converted to
Tahoe—Prosser Exchange water (TPEW) in Prosser
Creek Reservoir. TPEW stored in Prosser through this
exchange can then used to maintain Floriston rates as
though it were pooled water stored in Lake Tahoe.

The operations model simulates the Tahoe—
Prosser Exchange in the subblock current exchanges.
The model code in that subblock uses the minimum-
flow requirement for the Lake Tahoe outlet of either
50 ft3/s or 70 ft3/s, assigned in the subblock initial
assignments and computations, to simulate the
Tahoe—Prosser Exchange. After the assignment of min-
imum flows downstream from Tahoe, the following
computations are determined: (1) the additional release
needed to maintain the minimum flows from Tahoe,
(2) the volume of uncommitted water available for
exchangein Prosser, (3) the volume of Prosser rel eases
availableasnatural water, and (4) if Prosser hasstorage
space available. To determine the minimum-flow
release from Lake Tahoe, the minimum-flow require-
ment is compared to the Tahoe release currently simu-
lated. If the Tahoe release exceeds the minimum-flow
requirement, no exchangeisnecessary. However, if the
Tahoe release is less than the minimum-flow require-
ment, the difference is the additional release needed
solely to maintain the minimum-flow requirement.
This minimum-flow release, limited to the volume of
pooled water available in Lake Tahoe and the outlet
capacity of the lake, is used for the Tahoe—Prosser
Exchange. Thevolume of uncommitted water available
for exchange in Prosser Creek Reservoir is simply the
volume of that category in storage.

The proposed minimum-flow release from Lake
Tahoeislimitedto (1) Prosser Creek Reservoir releases
available as natural water and (2) the uncommitted
water available for exchange to TPEW in Prosser.
Thevolume of uncommitted water or releasesavailable
as natural water for exchange to TPEW in Prosser is
equivalent to the additional minimum-flow release
needed from Tahoe. No releases solely for minimum
flows downstream from Tahoe are made once the
supply of uncommitted water or releases are depleted
in Prosser.

For simulation of the Tahoe—Prosser Exchange,
atolerance of 0.5 ft3/s is used to determine when mini-
mum-flow releases from the lake are necessary. If
releases from Tahoe are within 0.5 ft3/s of minimum-
flow requirements, no additional releases are made.

Donner-Boca Exchange

The Donner—Boca Exchangeis an informal
agreement that specifies the operation of Donner Lake
and Boca Reservoir in order to meet multiple uses
(Richard D. Moser, Sierra Pacific Power Company,
oral commun., 1995; Jeff Boyer, U.S. District Court
Water Master, oral commun., 1996). This agreement
specifiesthat Donner Power Company privately owned
stored water (PCPOSW) required for precautionary
drawdown may be released for maintenance of Floris-
ton rates in exchange for reduction of an equivalent
volume of pooled water release from Boca and conver-
sion of that retained water to PCPOSW. Thus, depend-
ing on the volumes of water exchanged, all or some
releases for maintenance of Floriston rateswill be
made from Donner instead of Boca. In effect, this
exchange allows the releases required from Donner to
meet three abjectives instead of one: (1) fall precau-
tionary drawdown for creation of flood-control space,
(2) maintenance of Floriston rates, and (3) PCPOSW
from Donner Lakeis stored in Boca Reservoir instead
of being released and not used downstream.

The operations model simulates the Donner—
Boca Exchange in the subblock current exchanges.
For an exchange to take place, the model code in that
subblock requires that the date is between August 15
and November 15 of any given year, BocaReservoir is
not making required precautionary drawdown releases
(see section “Flood-Control Criteria’), Donner Lakeis
making required precautionary drawdown releases,
and Bocaisreleasing pooled water for maintenance of
Floriston rates. To determine the volume of water to be
exchanged, the simulated releases of PCPOSW from
Donner are compared with pooled water rel eases,
either as adverse- or non-adverse-to-canal water, from
Boca. If the pooled water release from Bocais more
than the PCPOSW release from Donner, then the
exchange volume is limited to the amount of the
PCPOSW release. Likewise, if the pooled water rel ease
is less than the PCPOSW release, then the exchange
volume will be equivalent to the pooled water release
from Boca
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After the exchange volume has been determined
for Donner, that volume of PCPOSW is exchanged to
natural water and released. For Boca, the exchange of
pooled water to PCPOSW is more complex because
pooled water consists of adverse- and hon-adverse-to-
canal waters. Adverse-to-canal water is exchanged to
PCPOSW before non-adverse-to-canal water is
exchanged. The releases of adverse- and non-adverse-
to-canal waters from the reservoir are reduced by the
same volumes that were exchanged.

The following assumptions were used in the
model code to simulate the Donner—Boca Exchange.

» Thisexchangeis not formally specified and
described in alegal agreement. Thus, the condi-
tions necessary to initiate this exchange and the
categoriesinvolved in this exchange may
change in response to changing needs of the
parties involved.

» The exchange will be simulated if no required
precautionary drawdown releases from Boca are
currently simulated, even if Boca Reservoir is
above the wintertime cap level. An exchange of
PCPOSW from Donner Lake to Boca under this
condition would provide more storage security
for PCPOSW than if this exchangeis not simu-
lated and release of PCPOSW from Donner is
required for precautionary drawdown.

« The exchange will be simulated only when the
precautionary drawdown release of PCPOSW
water from Donner Lake is above 5 ft3/s and the
release of pooled water from Boca Reservoir is
above 5 ft°/s. These threshold flows may be
changed by the user.

Boca-Stampede Exchanges

It will often be desirableto exchange water stored
in Boca Reservoir to Stampede Reservoir. Stampedeis
the largest reservoir in the Little Truckee River Basin
(storage 226,500 acre-ft), and provides greater flexibil-
ity in storing water. Water isless likely to be released
from this reservoir for flood-control criteria. Water
released from Stampedeisnot generally constrained by
outlet hydraulics and may be re-stored in Boca Reser-
voir. Stampede’ s large storage capacity and flexibility
in operations mean that it will normally possess more
secure storage than other reservoirs. Also, because
Stampede has ajunior storage right to other reservoirs
in the Truckee River Basin, it will be the last to fill.

The USGS Truckee River Basin operations
model simulates Boca—Stampede Exchange operations
in the subblock enhanced storage security. The
exchanges from Bocato Stampede are either paper
exchanges, in which equal volumes are traded between
the two reservoirswith no physical movement of water
involved, or re-stor age exchanges, in which water is
released for storage in a downstream reservoir. There
are three likely conditions under which these
exchanges are simulated.

1. When the storage of pooled water in Boca Reser-
voir islessthan 5,000 acre-ft, then exchange non-
adverse-to-cana water in Stampede Reservoir
with fish water in Boca. This condition is simu-
lated when Boca is using pooled waters for Flo-
riston rates and Stampede pooled water is needed
in Boca. The following exchanges are possible
when Boca pooled water storageis less than
5,000 acre-ft.: (1) paper-exchange fish water in
Boca with non-adverse-to-canal water in Stam-
pede Reservair, and (2) exchange (by re-storage)
non-adverse-to-canal water in Stampede to Boca.

2. When any non-adverse-to-canal (pooled) water is
remaining in Stampede Reservoir on April 1, then
exchange that non-adverse-to-canal water in
Stampede to Boca Reservoir. Pooled water may
reside in Stampede as aresult of previous
exchanges, such as those made to facilitate the
timely release of fish water for spawning. The
fish water in Bocamay be spilled and lost during
springtimefilling of Boca. Thus, it would benefit
Pyramid Lake fishesif any fish water in Boca
could be exchanged to Stampede. When the date
isApril 1 and non-adverse-to-canal water is
present in Stampede, a paper-exchange of fish
water in Boca Reservoir with non-adverse-to-
canal water in Stampede is simulated.

3. Asdiscussed in the section “Pyramid Lake Fish,”
simulated fish water is released from Stampede
Reservoir for storage in Boca Reservoir as Boca
pressure water. To maintain the Boca pressure
water storage, when fish water storagein Boca
falls below 2,000 acre-ft during aflow regime 1
from March 1 to June 5, then a paper exchange
of fish watersin Stampede is made with non-
adverse-to-canal or adverse-to-canal pooled
water in Boca. In this exchange for enhanced
storage, a paper exchange is simulated between
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Stampede fish water and one of the two catego-
ries of pooled water in Boca: (1) paper-exchange
non-adverse-to-canal water in Bocawith fish
water in Stampede, and (2) paper-exchange
adverse-to-canal water in Boca with fish water
in Stampede.

Merge Reservoir Releases for Multiple Objectives

Water released from a given reservoir may serve
several objectives under current operations. As previ-
ously discussed, releases may consist of tagged waters
of specific water categories, or may consist of untagged
waters of any water category. Typically, releases made
to satisfy specific downstream demands are tagged to
specific water categories. Such releasesin current
operations are made to maintain or satisfy Floriston
rates, Power Company M& | demands, Newlands
irrigation, and Pyramid Lake fish flows. Untagged
releases result from spills (including both uncontrolled
spills over reservoir spillways and precautionary draw-
downs based on flood-control criteria) or maintenance
of minimum flows.

Releases of untagged and tagged waters from a
given reservoir form what may be called a“merged
reservoir release” because the untagged release may
assume the categories of the tagged-water release.
Thus, more than one objective may be satisfied. For
example, minimum instream flows downstream from
Lake Tahoe may be satisfied if releases made for
Floriston rates exceed the minimum-flow requirement.
If the demand for untagged releases is greater than
proposed tagged rel eases, then water categories must
be assigned to that part of the untagged releases that is
greater than the proposed tagged rel eases by a rank-
order scheme. The Interim Storage Contract of 1994
(Bureau of Reclamation, 1994) addresses the rank
order of water categories for mandatory untagged
rel eases based on flood-control criteriafrom Stampede
and Boca Reservoirs. These categories are used when
uncontrolled spillsand precautionary drawdownsfrom
these reservoirs exceed tagged rel eases. The following
list providesthe order of water categories for release
from storage in Stampede during these conditions.
Note that project water s (fish water in Stampede and
pooled water in Boca) are released last.

1. PCPOSW (Power Company privately owned
stored water) in excess of 5,000 acre-ft when total
combined storage of PCPOSW in both Stampede
and Boca Reservoirs exceeds 5,000 acre-ft.

2. Fish credit water.8

3. Remainder of PCPOSW in both Stampede and
Boca Reservoirs.

4. Fish water.

For Boca Reservoir, the following list provides
the order of water categories for release from storage
during these conditions.

1. PCPOSW in excess of 5,000 acre-ft when total
combined storage of PCPOSW in both Stampede
and Boca Reservoirs exceeds 5,000 acre-ft.

2. Fish credit water.
3. Fish water.

4, Remainder of PCPOSW in both Stampede and
Boca Reservairs.

5. Pooled water.

Untagged releases based on spills for the other
Truckee River reservoirs and untagged releases for
minimum flows at all reservoirs are not directly
addressed in legal agreements and decrees.

The operations model simulates merged reservoir
releases for multiple objectivesin the subblock merge.
First, for each reservoir, the proposed tagged releases
are summed and then compared to the mandatory
untagged rel eases representing flood-control releases
or releasesfor downstream minimum flows. Thelarger
of these two types of releaseswill be used asthe newly
proposed release. If the tagged release is greater than
the mandatory untagged release, then the mandatory
untagged release is satisfied by the water categories
already proposed for release. Thus, additiona untagged
releases are not necessary. However, if the mandatory
untagged release isgreater than the tagged rel ease, then
the newly proposed release volume will be equivalent
to the volume of the mandatory untagged release. The

8Fish credit water, under current operations as defined in
the Interim Storage Agreement, is established by conversion on
September 1 of that part of the combined storage of Power Com-
pany privately owned stored water in Stampede and Boca Reser-
voirsin excess of 5,000 acre-ft. Fish credit water is not ssmulated
as a separate water category under current conditions in the opera-
tions model. Fish credit water is used for Pyramid Lake fish spe-
cies similarly to fish water, but during spill situations, fish credit
water will spill before fish water, as listed above. Fish credit water
is further defined for draft TROA operations in the subsequent
section “Proposed Water Categories.”
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release is composed of categories used in the tagged
rel eases up to the total volume of that tagged release.
The difference between the untagged and tagged

rel eases represents that volume of the mandatory
untagged releases that must be assigned to water cate-
gories. Table 5 lists tagged and mandatory untagged
releases for current operations from each reservoir as
simulated in the model.

For each reservoair, if it is determined that
untagged rel eases exceed tagged rel eases, then that vol -
ume of untagged rel eases that exceeds tagged releases
must be assigned to water categories according to a
rank order (table 6). Each water category isassigned to
the remaining untagged volume on the basis of rank
order and the volume of the category available. Intable
6, highrank (1ishighest) refersto thesimulated rel ease
order. If the volume of awater category of higher rank
isinsufficient to fill the remaining untagged volume,
then awater category of alower rank is used and this
processis repeated until the remaining untagged vol-
umeisfully tagged with categories. For Prosser Creek
and Stampede Reservoirs, the order of water categories
changes for different types of releases as shown in
table 6.

The following assumptions were used in the
model code development for simulation of the merged
rel eases from reservairs.

» Except for those water categories specifically
assigned in the Interim Storage Agreement
(Bureau of Reclamation, 1994) for Stampede and
Boca Reservoirs, the rank order of water catego-
riesfor untagged rel eases is assumed. These rank
orders may be modified by the model user.

» Natural water is assumed to be the inflow cate-
gory for al reservoirs except Lake Tahoe, where
pooled water istheinflow category. Thus, if ares-
ervoir cannot store and must pass through all
inflow, the water category passed through is nat-
ural water. Natural water can be applied toward
Floriston rates, Truckee Canal demand, and Pyr-
amid Lake fish demand.

» For each reservoir, thereis only a stepwise deter-
mination of water categories for untagged
releases as defined by the rank orders shown in
table 6. Except for some blending of Power Com-
pany and TCID releasesfrom Donner Lake, there
is no blending of water categories for untagged
releases in the subblock merge.

 Fishcredit water isnot simulated for current oper-
ations. If PCPOSW in the reservoirs exceeds
5,000 acre-ft on September 1, that excess will
transfer to fish water instead of fish credit water
as stated in the Interim Storage Agreement. The
rank order of water categories used for simula-
tions and shown in table 6 does not consider
whether the volume of PCPOSW is greater than
or lessthan 5,000 acre-ft.

» All Martis Creek Lake releases are smulated in
the subblock flood-control criteria, asthis reser-
voir isoperated for flood control. See the previ-
ous section, “Flood Control-Criteria,” for a
description of Martis Creek Lake operations.
Storagein and releasesfrom thisreservoir consist
only of natural water under current operations.

Current River Operations

In the Nevada part of the Truckee River Basin,
water rights are based on the doctrine of prior appropri-
ation, which is often stated as “first in time, first in
right.” This doctrine states that the first person to put a
guantity of water to beneficial use hasahigher priority,
or right, to the water than a subsequent water user. A
water user isassigned apriority date (date of estab-
lishment of awater right) that is significant in relation
to the dates assigned to other users of the same source
of water. The priority date isimportant when the quan-
tity of available water is insufficient to satisfy entitle-
ments of all active water rights. Under drought
conditions, userswith |ater appropriative dates may not
receive full entitlement or the amount normally
diverted. Almost al of the major diversions from the
Truckee River lie in the Nevada part of the basin and
are governed by the prior appropriations doctrine.
These major diversions include the Truckee Meadows
diversions, lower Truckee River diversions, and Truc-
kee River diversionsto the Newlands Project.

In the Californiapart of the Truckee River Basin,
water rights are based on riparian water rightsdoctrine.
Therriparian doctrine states that all persons who own
the land adjacent to a stream have an equal right to
make reasonabl e use of the natural streamflow. Ripar-
ian users share the streamflow among themselves, and
the concept of priority of useis not applicable. Under
drought conditions users share shortages. Few major
Truckee River diversionsin the California part of the
basin exist, but those few are operated according to
individual decrees, such asthe SierraValley Decree.
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Table 5. Tagged and untagged releases from reservoirs for current operations

Reservoir Tagged releases Untagged releases
Lake Tahoe Floriston rates. pooled water Releases due to high lake-level conditions
Minimum instream flow releases
Donner Lake Power Company M& | demand: PCPOSW Releases due to high lake-level conditions

TCID demand for Newlandsirrigation: TCIDPOSW

Pass-through of natural water based on storage
priorities: natural water

Minimum instream flow releases

Prosser Creek Reservoir

Floriston rates: pooled water (Tahoe-Prosser
Exchange water) and natural water

Pyramid L ake fish releases: uncommitted water

Flood-control releases including uncontrolled
spills and precautionary drawdowns

Minimum instream flow releases

Pass-through of natural water based on storage priorities

Independence Lake

Power Company M& | demand: PCPOSW
Pass-through of natural water based on storage priorities

Releases due to high lake-level conditions

Minimum instream flow releases

Stampede Reservoir

Pass-through of natural water based on storage priorities
Pyramid L ake fish releases: fish water
Power Company M& | demand: PCPOSW

Flood-control releases including uncontrolled
spills and precautionary drawdowns

Minimum instream flow releases

Boca Reservoir

Floriston rates: pooled water (adverse-to-cana and
non-adverse-to-canal waters) and natural water

Flood-control releases including uncontrolled
spills and precautionary drawdowns

Pass-through of natural water based on storage priorities

Pyramid L ake fish releases: fish water

Power Company M& | demand: PCPOSW

L ahontan Reservoir
pooled water

Carson Division demand for Newlands irrigation:

Flood-control releases including
precautionary drawdowns

Current river operations can be defined as net
diversions from the Truckee River in Nevada and Cal-
iforniato satisfy the exercise of agricultural and M&|
water rights. Most diversions made to meet agricultural
demands occur during theirrigation season. Theirri-
gation season usually iswithin the period from April
through October of any given year. In practice, the
beginning and end of theirrigation season are deter-
mined by the amount of recent precipitation, thetype of
crop grown, or the amount of water available in the
river. Current river operations to meet agricultural
demands are described in the next four sections. River
operationsto meet M& | demands under current operat-
ing conditions are described in a previous section,
“Privately Owned Stored Water.”

Sierra Valley Diversion

The SierraValley Settlement Agreement of 1993 isthe
basis of operations for diversion of water out of the
Little Truckee River to the Feather River Basinin
Cdlifornia. The Sierra Valley Ditch diversion is deter-
mined using the 1991 Truckee Meadows priority table
(Jeff Boyer, U.S. District Court Water Master, written
commun., 1994) and the unregulated natural flow

at Farad. According to the priority table, SierraValley
has a priority date of 1870 and has aright to divert
water when the unregulated flow is greater than

196 ft3/s at Farad. The unregulated flow at Farad is
computed using an equation, defined in the SierraVal-
ley Settlement Agreement of 1993, that relates mea-
sured flow at Farad, changesin storage in Truckee
River reservoirs, SierraValley diversions, and evapo-
ration in Truckee River reservoirs. This unregul ated
flow iscomputed using a 3-day running average. Also,
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Table 6. Rank order of water categories assigned to untagged releases, by
reservoir, under current operations

Reservoir Water Categories Assigned to Untagged Release
Lake Tahoe 1. Pooled water.
Donner Lake 1. Natural water.

2. PCPOSW and TCIDPOSW.

FOR FLOOD-CONTROL RELEASE:
1. Natural water.
2. Uncommitted water.
3. Tahoe-Prosser Exchange water.

FOR MINIMUM FLOW RELEASE
1. Natural water.

Prosser Creek Reservoir

1. Natural water.
2. PCPOSW.

FOR FLOOD-CONTROL RELEASE:
1. Natural water.

Independence Lake

Stampede Reservoir

If controlled spill (precautionary drawdown):
2. Fish water.
3. PCPOSW.

If uncontrolled spills:
2. PCPOSW.
3. Fish water.

FOR MINIMUM FLOW RELEASE:
1. Natural water.
2. Fish water.

1. Natural water.

2. Fish water.

3. PCPOSW.

4. Adverse-to-canal water pooled water.

5. Non-adverse-to-canal water pooled water.

Boca Reservoir

Lahontan Reservoir

1. Pooled water.

minimum-flow regquirements of the Little Truckee
River below the SierraValley diversion are consid-
ered. These minimum-flow requirements are 5 ft3/s
from March 15 to June 15, 3 ft3/s from June 16 to
September 30, and zero the remainder of the year,
as stated in the Sierra Valley Settlement Agreement
of 1993.

The USGS Truckee River Basin operations model
simulates Sierra Valley diversions in the subblock
Sierra Valley diversions. The model computes the
unregulated flow at Farad using the SierraValley
Settlement Agreement equation with a 3-day running
average of thedaily flow. Using the Truckee Meadows
priority table, the modd simulates SierraValley ditch
diversions during the irrigation season when the

unregulated flow at Truckee River at Farad is greater
than 196 ft3/s. Diversions are limited to ditch capacity
of 60 ft3/s and to total flow physicaly available in the
Little Truckee River (reach 185) above the diversion.
Additionally, ditch diversions must leave adequate
flow inthe river to satisfy downstream minimum-flow
requirements of 3 ft3/s or 5 ft3/s. Diversions are
stopped when the allowable annual diversion volume
of 14,266 acre-ft is reached.

Truckee Meadows Diversions

Several diversions from the Truckee River are
made for agricultural and M&I use in the Truckee
M eadows between the USGS gaging station Truckee
River at Farad, Calif., and the USGS gaging station
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Truckee River at Vista, Nev. The Orr Ditch Decree
(United Sates of Americav. Orr Ditch Water Com-
pany, Equity No. A-3 (D. Nev. 1944)) provides rules
and prioritiesfor the all ocation of Truckee River water
to water-right holders downstream from the Farad
gaging station. The Decree established both agricul-
tural and M& | water rights. Since the court decision,
many agricultural rights have been converted to M& |
rightsfor use by the Power Company. Additionally, the
Truckee River Agreement recognizes the Power Com-
pany’s right to a continuous flow of 40 ft3/s for M&I
use in the Truckee Meadows. As of 1991, agricultural
and M& | water rights are implemented by the Federal
Water Master (FWM) through the use of the Truckee
Meadows priority table (Jeff Boyer, U.S. Digtrict Court
Water Master, written commun., 1994). Water rights
are determined according to afixed schedule of allot-
ments based on priority date. The schedule lists the
name of the ditch, water user, priority date, quantity of
water available for each right, and estimated transit
loss. Transit losses, also called conveyance |osses,
include seepage, evaporation, and phreatophyte use
between the headgates at the river and the point of
delivery.

Diversions from the river to a ditch are deter-
mined by considering (1) the water-right duties of
each ditch as specified in the Orr Ditch Decreg, (2) the
irrigated acreage served by each ditch, and (3) an effi-
ciency factor, whichincludestransit losses specifiedin
the Orr Ditch Decree, for each ditch (Jeff Boyer, U.S.
District Court Water Master, written commun., 1994).
The water-right duty is defined as the volume of water
decreed to be applied to each acre of irrigated land, in
units of acre-ft per acre. The efficiency factor of aditch
diversion is afraction (between 0 and 1) computed as
thevolume of water delivered to water-rightsholdersat
the lateral farm headgates, divided by total diversion
from the Truckee River. This measure is estimated,
but includes updated information for each ditch diver-
sion regarding transit losses specified by the Orr Ditch
Decree (Jeff Boyer, U.S. District Court Water Master,
written commun., 1994).

The USGS Truckee River Basin operations
model simulates Truckee River diversionsin the Truc-
kee Meadows by determining agricultural and M& |
rightsin the subblock initial assignments and compu-
tationsand simulating diversionsin the subblock Truc-
kee Meadows diversions.

First, default numerical values are assigned to
ditch duties, irrigated acreage, and efficiency for each
agricultural and M&I right in the Truckee Meadows.
These values are specified by the Truckee Meadows
priority table, as described in the previous section,
“Privately Owned Stored Water” (Jeff Boyer, U.S.
District Court Water Master, written commun., 1994).
All values assigned to duties, irrigated acreage, and
efficiency may be modified by the user. Numerical val-
ues are not assigned to ditches that are considered per-
manently abandoned. If the ditch is not currently
(1998) used, but is structurally intact for possibleirri-
gation in the future, irrigated acreageis assigned a
value of zero, but ditch dutiesremain asthose specified
in the Orr Ditch Decree. The maximum cumulative
annual diversion, in acre-feet, for each ditch is com-
puted by dividing the duty by the efficiency and then
multiplying that result by theirrigated acreage. The
irrigated acreage isthose lands with decreed rights cur-
rently being irrigated. Rights, stated in terms of flow
per day, are determined by dividing maximum cumula
tiveannual diversion by the length of theirrigation sea-
son. Additionally, ditch diversion accumulators are
reset to zero for each ditch at the beginning of theirri-
gation season, and all ditch diversions are set to zero
outside of theirrigation season.

After initial numerical assignments and com-
putations are made, based on the M&I rights as
described above, M& | diversions are determined as
in the previous section, “Privately Owned Stored
Water.” Based on the agricultural rights as described
above, diversions of Truckee River water for agricul-
tural use are determined and simulated in the subblock
Truckee Meadows diversions. To simplify the com-
plexity of managing many individual water-right prior-
ity dates, severa water-right priority dates were
grouped together. The conditional logic compares the
natural and pooled water flow at Farad to the total
amount of agricultural and M&I rights that could be
satisfied. Senior demandswill be satisfied beforejunior
demands. If the combined natural and pooled water
flow at Farad isless than the total amount of demands,
some junior priority-date groups will not be satisfied.
Water to meet the agricultural rights allowable under
simulated flow conditionsis diverted from the main-
stem to the appropriate ditch. Once the accumulated
daily ditch diversions during an irrigation season has
reached the maximum cumulative annual diversion for
that ditch, the diversion is set to zero until the next irri-
gation season.
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In the Truckee Meadows, inflows to the Truckee
River caninclude tributaries, ground-water gains, agri-
cultural diversion returns, and M& 1 diversion returns.
Time series containing estimates of tributary inflowsor
channel seepage losses, which could include ground-
water gains or losses for the reach between Farad and
Vistagaging stations, are described in the section
“Datafor Simulation of Streamflow and Operations.”
M&| and agricultural returns are determined by using
observed or estimated values for use and returnsin the
Truckee Meadows and computing a monthly distribu-
tion (expressed as a percentage of annual return) of
agricultural and M&| returns.

Two important assumptions are made in this sub-
block. First, the default length of the irrigation season
is200 days. Thisvariable may be changed by the user.
Second, the beginning date of theirrigation season is
determined every spring as either April 1 or April 15,
based on the runoff index as described the section
“Runoff Index,” under the section “ Forecasts Affecting
Operational Decisions.”

Lower Truckee River Diversions

The USGS gaging station Truckee River at Vista,
Nev., designates aboundary between the upstream agri-
cultural and urban lands of the Truckee Meadows and
downstream agricultural and undevel oped range lands.
Except for adiversion to the Newlands Project via the
Truckee Canal that can carry up to about 900 ft3/s (dis-
cussed in the subsequent section “ Truckee River Diver-
sionsto Newlands Project”), virtually al diversions
downstream from the Vista gaging station are to
ditchesthat usually carry lessthan 40 ft3/sfor irrigation
of crops.

The Truckee River Agreement of 1935 and the
Orr Ditch Decree of 1944 provide rules and priorities
for the allocation of Truckee River water to water-right
holders downstream from the Vista gaging station.
According to the Truckee River Agreement, 31 percent
of all “diverted flow” between the | celand gaging
station and Derby Dam is all ocated to the Truckee and
Carson Divisions of the Newlands Project and to the
Power Company’s highest-priority rights for Truckee
River water to satisfy M& | demands. The other 69 per-
cent is allocated to other agricultural and M&|
demands. Thelceland gageisnot currently operational
and the USGS Farad gaging station (pl. 1) isused asa
surrogate. The term diverted flow is considered to be
that water used to meet Floriston rates and diverted

from the Truckee River to ditches, the Truckee Canal,
and municipal water intakes to meet agricultural and
M& | demands, and Truckee River flow downstream
from Derby Dam in excess of those irrigation rights
downstream from Derby Dam. The*“ 31-percent rule’ is
rarely practiced in the computation of alowable diver-
sionsto the Newlands Project, and therefore is not sim-
ulated in the operations model (Jeff Boyer, U.S.
District Court Water Master, ora commun., 1996).

The Orr Ditch Decree, in part, adjudicates the
appropriative surface-water rights on the Truckee
River downstream from the Vistagaging station. These
major water rightsinclude diversionsto Indian Ditch
downstream from the Nixon gaging station (Claim
Nos. 1 and 2), and diversions at Derby Dam to the
Truckee Canal for the Newlands Project (Claim No. 3,
which, in practice, isreplaced by Adjusted OCAP).
Additionally, for points of diversion downstream from
the Vista gaging station, water rights are determined
according to afixed schedule of allotments based on
priority date. The schedule lists the name of the water
user, name of the ditch, quantity of water available for
each right, and estimated transit |oss.

Asdiscussed in the previous section “Truckee
Meadows Diversions,” diversions from the Truckee
River for each ditch are determined by considering
(1) the water-right duties of each ditch as specified in
the Orr Ditch Decree, (2) the irrigated acreage served
by each ditch, and (3) an efficiency factor, which
includes transit losses specified in the Orr Ditch
Decree (U.S. District Court Water Master, written
commun., 1995).

Under current operational practices, except for
diversionsto the Newlands Project, water rights along
the Truckee River downstream from the Vista gaging
station are usually satisfied, and therefore coordination
of diversions with regard to the priority date of each
water right israrely practiced (Jeff Boyer, U.S. District
Court Water Master, oral commun., 1996). Thisis
because inflows from TMWRF, Steamboat Creek, and
North Truckee Drain upstream from Vista, and ground-
water inflows downstream from Derby Dam, usually
provide ample water for irrigation demands. However,
during dry years when the available flow rate isinsuf-
ficient to satisfy al irrigation demands concurrently,
attempts have been made to regulate diversions on a
rotational basis to minimize shortages to individual
water rights. Only during extreme shortages will diver-
sions need to be coordinated by a schedule based on
water-right priority dates.
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The following discussion describes how the
USGS Truckee River Basin operations model simu-
lates Truckee River diversions downstream from the
Vista gaging station. The discussion does not include
diversions to the Newlands Project viathe Truckee
Canal, which is described in the subsequent section
“Truckee River Diversionsto Newlands Project.” To
simulate diversions from the Truckee River down-
stream from the Vistagaging station, (1) initial numer-
ical assignments and computations are made, and (2)
daily irrigation demands, diversions, and returns are
determined. These topics will be further described
below.

In the subblock initial assignments and compu-
tations, default numerical values are assigned to ditch
duties, irrigated acreage, and efficiency for each ditch
downstream from the Vista gaging station (U.S. Dis-
trict Court Water Master, written commun., 1995). All
values assigned to duties, irrigated acreage, and effi-
ciency may be modified by the user. Numerical values
are not assigned to ditches that are considered perma-
nently abandoned. If the ditch is not currently (1998)
used, but is structurally intact for possibleirrigation in
thefuture, irrigated acreage and efficiency are assigned
values of zero, but ditch duties remain as those speci-
fied in the Orr Ditch Decree.

From these assignments, the maximum annual
diversion volume for each ditch is computed in acre-
feet. The maximum annual diversion volumeisused to
compute the daily diversion right, or demand, for each
ditch as described later in the subsection “ Daily Diver-
sion Right.” For a given ditch, when the accumulated
daily ditch diversion during an irrigation season reach
the maximum allowable volume for the year, the diver-
sion is“turned off” until the next irrigation season the
following year. Other assignmentsin this subblock
include the following items.

 Constant ground-water inflows are assigned to
each reach of the Truckee River between Derby
Dam and Marble Bluff Dam. The default values
of ground-water inflows are based on USGS
seepage runs, but may be modified by the user.
The seepage runs were serial, nearly concurrent
streamflow measurements along the length of the
river and some irrigation ditches to determine
whereflow isgained from or lost to ground water
(Berris, 1996).

» Returnsfrom water diverted to irrigation ditches,
provide inflows to the river between the Vista

gaging stationand Marble Bluff Dam. Thereturns
are assigned default values based on FWM esti-
mates, but may be modified by the user (U.S. Dis-
trict Court Water Master, written commun.,
1995). These values are fractional factorsthat are
applied to each ditch diversion.

» Ditch diversion accumulators are reset to zero for
each ditch at the beginning of theirrigation sea-
son. Each accumulator accounts for total diver-
sion volumeto date by summing simulated daily
ditch diversions.

« All ditch diversions and returns are set to zero
outside of the irrigation season.

After initial numerical assignments and computa
tions are made, daily irrigation demands, diversions,
and returns are determined in the subblock lower Truc-
kee River diversions. The Truckee River downstream
from the Vista gaging station was divided into three
segments for simulation of irrigation diversions: seg-
ment 1 from the Vista gaging station to Derby Dam
(reaches 400 through 450), segment 2 from Derby Dam
to Wadsworth, Nev. (reaches 460 through 490), and
segment 3 from Wadsworth to Marble Bluff Dam
(reaches 500 through 570). Simulation of daily irriga-
tion demands, diversions, and returns involvesfive
computations: (1) daily diversion right, or demand, for
each ditch, (2) the “effective” demand for each ditch
within a segment, (3) the total effective demand of all
diversions within a segment, (4) daily diversions from
theriver to each ditch, and (5) daily returnsto theriver
from each ditch. Theterm “effective” demand refersto
the net demand from each ditch for water at the
upstream end of the given segment, after considering
inflows to and outflows from the river within that seg-
ment. The total effective demand may be more or less
than the summed demands for all ditchesin the seg-
ment, depending on inflow and outflow |ocations and
volumes. When the total effective demand is greater
than the simulated flow at the upstream end of agiven
segment, it is used to determine a factor for adjusting
daily diversion rights of ditches within that segment.

1. Daily Diversion Right—Thefirst computation is
to determine the daily diversion right for each
ditch. Thedaily diversionright issimply the max-
imum annual diversion volume (discussed earlier
under initial assignments and computations)
divided by the number of irrigation days and con-

DESCRIPTION AND SIMULATION OF TRUCKEE RIVER BASIN OPERATIONS 59



60

verted to units of flow, cubic feet per second. This
flow-rate value represents the average daily
diversion demand for each ditch from theriver at
the location of the given ditch. Once the maxi-
mum annual diversion volume has been met, the
daily diversion right becomes zero.

. Effective Demand—The second computation is

the effective demand for each ditch. If adaily
diversion right exists, it is then adjusted by sub-
tracting inflows from ground water and precipita-
tion, and adding outflows to evaporation and
phreatophyte ET from the reach in which the
ditchlies. Irrigation return flowsfrom upstream
ditches are also considered as inflows to areach
for this computation. This adjusted daily diver-
sionright iscalled the effective ditch demand and
characterizes the specific ditch’s demand for
water at the upstream end of each segment. For
example, if Gregory Ditch, adiversioninreach
470 of segment 2 downstream from Derby Dam,
has adaily diversion right of 3.3 ft3/s, but evapo-
ration and phreatophyte ET remove 0.2 ft3/sfrom
that reach, the effective Gregory Ditch demand
will be 3.5 ft%/s at Derby Dam, the upstream end
of segment 2.

. Tota Effective Demand—Thethird computation

is to determine the total effective demand by
totalling the effective demand for all ditches
within a segment.

. Daily Ditch Diversions—Thefourth computation

isto determine daily ditch diversions from the
river to each ditch. The total effective demand is
first compared to the simulated flow at the
upstream end of the segment. If thetotal effective
demand for a segment is less than the simulated
flow, then each ditch within that segment may
divert itsentire daily diversion right. However, if
the total effective demand is greater than the sim-
ulated flow, the entire daily diversion right for
each ditch in the segment cannot be satisfied and
amore complex approach isused to determinethe
diversionsin a given segment. In those cases
where water supply isinsufficient, an adjustment
factor isthen determined. The adjustment factor
represents the fraction of the total effective
demand that can be satisfied by simulated flow at
the upstream end of the segment, and isapplied to
the daily diversion right of each ditch in that seg-

ment. Under conditions when full entitlement is
not possible, four steps are necessary to deter-
mine daily ditch diversions. These four steps
adjust the daily diversion right of each ditch by
(2) the adjustment factor just described above,
(2) inflows from ground-water and precipitation
to the reach in which the ditch lies, (3) outflows
from the reach to evaporation and phreatophyte
ET, and (4) return flows from upstream ditches.

5. Irrigation Return Flows—The fifth computation
isto determine return flows of diverted water
from each ditch back to theriver. Return flowsto
the Truckee River are simulated by applying the
fractional factor described previousy and deter-
mined in the subblock initial assignments and
computations to each daily ditch diversion.
Return flows from upstream ditches are a so con-
sidered asinflowsto areach for the computation
of effective demand for each ditch.

An additional objectiveof thesimulation of lower
Truckee River diversionsisto provide the total effec-
tive demand of all diversionsin segments2 and 3
downstream from Derby Dam to Marble Bluff Dam.
Water rights of the diversions downstream from Derby
Dam are more senior than the Truckee River water
rights of the Newlands Project. Thus, alowable simu-
lated diversions to the Newlands Project depend upon
thetotal effective demand needed to satisfy water-right
holders on the Truckee River downstream from Derby
Dam. Truckee River water can only be diverted to the
Truckee Canal after the senior water rightsdownstream
from Derby Dam are satisfied.

Several assumptionswere used in the model code
to simulate Truckee River diversions downstream from
the Vista gaging station.

» The default length of theirrigation season is 200
days and beginson April 1 or April 15, based on
NRCS runoff forecasts at Farad (Rebecca Wray,
written commun., 1995). The earlier dateis used
if below-average to average runoff volumeis
forecasted, and the later date is used if normal or
above-average runoff volumeis forecasted. The
length or begin date may be modified by the
model user.

» Themodel simulatesdiversionsto ditches as con-
tinuous or average amounts for each day through-
out theirrigation season, so long as Truckee River
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water isavailable. Itisrecognized that actual irri-
gation practices utilize water in amore cyclic
manner. For example, in actual practice, fields
might only beirrigated once every week or so
with alarger daily diversion than the constant
diversion ssimulated by the model. It is assumed
that, in practice, the total volume diverted by any
givenditch over aperiod of several dayswould be
the same volume as that produced by the average
daily diversion simulated by the model. Thisalso
means that given ample supplies of water, the
model will divert thefull legal amount every year,
whether or not the water is needed (in actual
operations, recent rains and different crop types
may reduce the amount of water required by an
irrigator).

Diversions are not coordinated with regard to
the priority date of each water right. Such coordi-
nation is rarely practiced because river flows
usually provide ample water to meet irrigation
demands.

All ditches in a given segment are coordinated,
but each of the three segments is autonomous.
Thus, if flow at the upstream end of a given seg-
ment cannot satisfy the total effective demand,
all ditchesin that segment share the deficit. An
exception to this assumption is when significant
inflows contribute water to reaches toward the
downstream end of the segment.

Estimates of ground-water inflows are only
used aong the Truckee River downstream

from Derby Dam and are based on seepage runs
(Berris, 1996).

The 31-percent rule is not simulated because

it israrely practiced in the computation of allow-
able diversions to the Newlands Project (Jeff
Boyer, U.S. Digtrict Court Water Master, oral
commun., 1996).

Returns to the river from ditch diversions are
based on simplefractional factorsapplied to daily
ditch diversions. Information on (1) hydraulic
characteristics of some irrigation systems, (2)
water rights, and (3) historical and present pat-
terns of water use, returns, and spills obtained
fromthe FWM were hel pful to estimatereturnsto
the Truckee River (U.S. District Court Water
Master, written commun., 1995). The methods of
estimating return flows are crude, but are more

accuratethanif returnflowsfrom diversionswere
ignored. As better information becomes avail-
able, the fractional factors may be modified by
the user.

Truckee River Diversions to Newlands Project

Diversion of Truckee River water at Derby Dam
tothe Newlands Project viathe Truckee Canal provides
water for irrigation to about 3,500 acres, called the
Truckee Division, along the Truckee Canal near Fern-
ley, Nev., and about 56,500 acres, called the Carson
Division, downstream from Lahontan Reservoir near
Fallon, Nev. (Al Olson, Bureau of Reclamation, oral
commun., 1997). The 32.5 mile-long Truckee Canal
has a capacity of about 900 ft3/s and terminates at the
reservoir. Theinterbasin diversion from the Truckee
River to Lahontan Reservoir is used to supplement
inflow from the Carson River for use by the Carson
Division of the Newlands Project. For current river
operations, only water from the categories pooled
water (which includes natural water inflow to theriver
upstream from Derby Dam) and TCID water may be
diverted to the Newlands Project.

Operating Criteria and Procedures (OCAP) were
first introduced in 1967 with the objective to maximize
the use of Carson River water for the Newlands Project
and minimize the diversion of Truckee River water via
the Truckee Canal. A more stringent OCAP was
approved in 1973, and in 1988 the OCAP that was used
from 1988 to 1997 was approved (Bureau of Reclama-
tion, 1988). A revised OCAP called Adjusted OCAP,
was implemented in December, 1997 (Bureau of Rec-
lamation, 1997). Hereafter, OCAP in this report will
describe the Adjusted OCAP approved in 1997, unless
otherwise indicated.

The OCAP establishes criteriafor diversions of
pooled water from the Truckee River to the Truckee
Canal to provide irrigation water to the Newlands
Project. The OCAP are consistent with the fulfillment
of the Federal Trust responsibility to the Pyramid Lake
Indian Reservation, meeting the requirements of the
Endangered Species Act (ESA), and complying with
the Orr Ditch Decree of 1944. Thus, waters dedicated
to threatened and endangered Pyramid Lakefishandto
more senior water rights on the Truckee River down-
stream from Derby Dam are not diverted to the Truckee
Canal. Diversions from the Truckee River to the Truc-
kee Canal are based on end-of-month storage objec-
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tivesfor Lahontan Reservoir, projected water demands
from the Truckee Division, and estimated Truckee
Canal losses between Derby Dam and the reservoir.

The Lahontan Reservoir storage objectives are
shown in table 3 for the months June through Decem-
ber. For those months, pooled water may be diverted
from the Truckee River to Lahontan when the reservoir
volume is forecast to be less than the lower storage
objective. Diversions are discontinued when the reser-
voir volume is forecast to equal or exceed the upper
storage objective. The end-of-month Lahontan storage
objectives for the months January through June
are variable, with a goal of achieving a storage of
190,000 acre-ft at the end of June. The Lahontan stor-
age objectives for those months are influenced by
(1) forecasted Carson River flow volume at the USGS
gaging station Carson River at Fort Churchill, Nev.,
from the end of the current month through May or June,
(2) Lahontan Reservair losses from the end of the cur-
rent month through May or June, and (3) forecasted
Carson Division demand for irrigation water from the
end of the current month through May or June. Two
storage objectives are computed, based on the above
items 1 through 3 for May and June. The minimum
storage objective is then selected as the fina storage
objective for the current month.

After the end-of-month Lahontan Reservoir
storage objective has been determined, the diversion of
Truckee River water to the Truckee Canal can be deter-
mined. The diversion to the Truckee Canal is based on
(2) the end-of-month storage objective for the reser-
voir, (2) the Truckee Division demand for the current
month, (3) Truckee Canal conveyance losses for the
current month, (4) the Carson Division demand for the
current month, (5) reservoir seepage and evaporation
losses for the current month, (6) reservoir storage at
the beginning of the current month, and (7) forecasted
Carson River flow volume at the USGS gaging station
Carson River at Fort Churchill, Nev., for the current
month.

Other aspects of OCAP include (1) calculation
of the maximum allowable diversion (MAD) for each
year, (2) establishment of efficiency targets, and (3)
storage of credit water in Stampede Reservoir. The
MAD is calculated annually as the maximum volume
of water permitted to be diverted to the Newlands
Project to satisfy the exercise of Newlands Project
water rights. Efficiency targets and incentives were
established as conservation measures to attain and
improve project efficiency. Newlands Project effi-

ciency is computed as the total amount of water deliv-
ered to water-rights holders at the farm headgates,
divided by total delivery of water for useinthe Truckee
and Carson Divisions of the Newlands Project. Low
efficiencies mean that conveyance/transit losses, such
as seepage, evaporation, or other operational 1osses
prior to delivery of water to headgates, are large. If the
actual efficiency exceedsor falls short of the efficiency
targets, incentive water credits or disincentive water
debits, respectively, are applied to the Lahontan Reser-
voir storagelevel for determining Truckee River diver-
sions. The Newlands Project may temporarily store
credit water in Stampedein lieu of diversion to Lahon-
tan to avoid spills and exceeding L ahontan storage tar-
gets. The credit water retained in Stampede may be
released later in that year for diversion to Lahontan or,
if not needed to meet L ahontan storage targets, may be
retained for later release to Pyramid Lake.

The operations model simulates diversionsto the
Newlands Project in the subblock OCAP. To simulate
diversionsto the Truckee Canal, the model (1) assigns
numerical values to constants and variables, (2) deter-
mines Lahontan Reservoir monthly storage objectives,
(3) computes L ahontan Reservoir demands from the
Truckee River, and (4) determines and simulates pro-
posed Truckee River diversions. Thefirst step, numer-
ical assignments of constants and variables, represents
important components for further computations.
Assignments are made to specify valuesfor thefollow-
ing items.

» Carson Division demand—Annual and monthly
valuesthat represent demandsfor irrigation water
downstream from Lahontan Reservoir. Default
values are provided (Al Olson, Bureau of Recla-
mation, written commun., 1996) or may be spec-
ified by the model user.

» Truckee Division demand—Monthly values that
represent demands for irrigation water from the
Truckee Canal for lands adjacent to the canal near
Fernley, Nev. Two options of default values are
provided (Al Olson, Bureau of Reclamation, writ-
ten commun., 1996). Additionally, valuesmay be
specified by the model user.

» Truckee River downstream water rights—
Monthly demands for irrigation water from the
Truckee River downstream from Derby Dam.
Thesewater rights are senior to water rightsinthe
Newlands Project, and thus must be met before
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diversions can be made to the Newlands Project.
Demandsfor irrigation water are computed in the
subblock lower Truckee River diversions. These
demands are based on water rights specified by
the Orr Ditch Decree of 1944 and acreages cur-
rently irrigated (Jeff Boyer, U. S. District Court
Water Master, written commun., 1995). (See the
section “Lower Truckee River Diversions” for a
more detailed description of the simulation of
demands for irrigation water downstream from
Derby Dam.) Thisis one of two options that
describe senior water rightsdemands downstream
from Derby Dam. The second option provides
default values of irrigation demands that corre-
spond to Orr Ditch Decree Claim 1 and other
irrigation rights downstream from Derby Dam
(Stetson Engineersinc. and G.T. Orlob & Assaci-
ates, written commun., 1996). Values of irriga-
tion demands may also be specified by the
model user.

» Lahontan Reservoir storage targets—Monthly
upper and lower storage targets for the months
June through December for the 1988 OCAP.
Default values are provided as specified in the
1988 OCAP (table 3) (Bureau of Reclamation,
1988). A second option provides other default
values for Lahontan Reservoir storage targets as
specified in Adjusted OCAP (table 3) (Bureau of
Reclamation, 1997). Vaues may also be speci-
fied by the model user.

» Lahontan Reservoir losses—Monthly reservoir
losses that include seepage and evaporation.
Default values are provided (Al Olson, Bureau of
Reclamation, written commun., 1996).

» Truckee Canal conveyance losses—Daily con-
veyance |losses along the entire canal. Estimated
by regression equations provided by the BOR
(Alan Olson, Bureau of Reclamation, written
commun., 1996).

After numerical values are assigned to the vari-
ables described above, Lahontan Reservoir storage
objectives are determined on the first day of each
month. The following discussion describes the deter-
mination of storage objectivesfor the Adjusted OCAP,
but, except for the presence of lower and upper storage
objectives and the goal of obtaining higher storage
objectives than Adjusted OCAP objectives, the

determination is similar for the 1988 OCAP (Bureau
of Reclamation, 1997). For the months July through
December, storage objectives for Lahontan Reservoir
specified in the Adjusted OCAP are used for simula-
tions (table 3). However, for the months January
through June, the model code computes the end-of-
month storage objectives with agoal of achieving a
storage of 190,000 acre-ft by the end of June. Within
that period, for the months January through April,

the storage objective is computed twice; the first
computation determines the current monthly storage
objective for the period from the end of the current
month through May, and the second computation deter-
mines the current monthly storage objective for the
period from the end of the current month through June.
When the simulation date isin May, only one storage
objective is computed for the period from the end of
May through June. For June simulations, the storage
objectiveis simply 190,000 acre-ft.

The computation of the monthly storage objective
for the months January through May requires an esti-
mate of forecasted inflows to and outflows from
L ahontan Reservoir. Forecasted Carson River inflows
to Lahontan required for the computation are provided
by theNRCSintheir April through July runoff forecast
for the USGS streamflow station Carson River at Fort
Churchill, Nev. (Rebecca Wray, Natural Resources
Conservation Service, written commun., 1995). Appro-
priate coefficients are provided to adjust the forecasted
inflow to represent the periods form the end of the
current month through May or June (Bureau of Recla-
mation, 1988). Forecasted outflows from Lahontan
provided by BOR include forecasted reservoir seepage
and evaporation and forecasted Carson Division
demands (Alan Olson, Bureau of Reclamation, written
commun., 1996). Forecasted reservoir seepage and
evaporation represent the period from the end of the
current month through May or June. Forecasted Carson
Division demands are annual values adjusted by a coef-
ficient provided to represent the period from the end of
the current month through May or June. Inflowsto
L ahontan from the Truckee Canal are not considered in
this computation. The fina monthly storage objective
is the minimum of the May and June computations if
the month is between January and April, the June com-
putation if the month isMay, and 190,000 acre-ft if the
month is June.

After Lahontan Reservoir storage objectiveshave
been determined, Lahontan demandsfor Truckee River
water are computed. The demands for Truckee River
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water are for the remainder of the current month and
can be updated about once every five days, but this fre-
guency can be modified by the user. The results of the
computations indicate how much water is needed from
the Truckee Canal to fulfill Lahontan storage objec-
tives. In addition to requiring the current month storage
objective, the computation requires current Lahontan
storage and estimates of Carson River inflow, Carson
Division demands, and reservoir seepage and losses
from the current date to the end of the current month. If
the monthly storage objective can be met at the end of
the current month without importation of water from
the Truckee River, then proposed diversions from the
Truckee River for the remainder of the month are
assigned to be zero. Otherwise, proposed diversions
from the Truckee are computed as the difference
between the storage objective and the forecasted reser-
voir storage at the end of the month without Truckee
River inflow.

In addition to providing water to the Carson Divi-
sion via Lahontan Reservoir, the proposed diversion
from the Truckee River must also provide irrigation
water to the Truckee Division and provide enough
water to compensate for conveyance losses aong the
Truckee Canal. Therefore, the computation of the pro-
posed diversion requiresaforecast of Truckee Division
demands for the remainder of the month (Alan Olson,
Bureau of Reclamation, written commun., 1996). The
proposed diversion is then converted to daily flow and
daily Truckee Canal conveyance losses are added.
Conveyance losses are simulated using regression
equations that are based on flow in the canal and the
current month (Alan Olson, Bureau of Reclamation,
written commun., 1996). Lastly, after all demands for
Truckee River water are totalled, the daily proposed
diversion is compared to the 900-ft3/s capacity of the
Truckee Canal and the lesser of the two valuesis set as
the desired diversion amount.

The proposed diversion computed aboveisa
“sustained” diversion because that diversion will
attempt to satisfy, using a constant diversion amount,
the Lahontan Reservoir storage objective at the end of
the current month. An alternative option in the model
computes an “opportunistic” diversion that proposesto
divert the maximum flow of water available from the
Truckee River while till considering the capacity of
the Truckee Canal. If the Lahontan storage objectiveis
met before the end of the current month, the diversion

to the reservoir is reduced to zero. This second model
option still simulates a diversion to the Truckee Canal
to provide irrigation water to the Truckee Division.

After the proposed diversion is computed, the
diversion may be further limited by the availability of
pooled water in the Truckee River and senior Truckee
River water rights downstream from Derby Dam. For
simulations, only water from the category pooled water
may be diverted to the Newlands Project. Therefore, if
TCID water is released from Donner Lake, it is con-
verted to pooled water just upstream from Derby Dam
for proper simulation of diversions.

An additional computation in the model code in
the subblock OCAP is aforecast of Truckee Canal
demand from the Truckee River for the periods March
through June and April through June. These forecast
diversion demands are made on the first day of March
and April and are provided to the subblock Pyramid
Lake fish operations to determine necessary releases
from Truckee River reservoirs for Pyramid Lake fish
spawning runs. This computation uses the Lahontan
storage target of 190,000 acre-ft for June. The forecast
then determines how much additional Truckee River
water is necessary to make the June storage target,
starting from the current storage. Similar to the fore-
casts described above, awater balance is determined to
compute forecasted Truckee Canal demand from the
current date though June. The water balance uses cur-
rent Lahontan Reservoir storage, inflow from the Car-
son River to the reservoir, and several outflows from
the reservoir and the Truckee Canal. Outflowsinclude
the Carson Division demand and seepage and evapora-
tion losses from L ahontan Reservoir, the Truckee Divi-
sion demand, and Truckee Canal |osses from the
Truckee Canal (Alan Olson, Bureau of Reclamation,
written commun., 1996).

Several assumptions were used in the model
code devel opment to simulate diversionsto the
Newlands Project.

» For simulation of the 1988 OCAP, July through
December diversions to the Truckee Canal are
based only on the lower storage objective of
Lahontan Reservoir. The upper storage objective
is not used to decide when diversions are reduced
to zero.

» Computations of the forecasted end-of-month
L ahontan Reservoir storageare made periodically
throughout each month. Estimates of Carson
Division demand and the reservoir seepage and
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losses for the remainder of the month are prorated
on adaily basis from the monthly values pro-
vided. Estimates of Carson River inflowsfor the
remainder of the month are attained by subtract-
ing simulated flow volumes since the beginning
of the current month from the monthly forecast
provided.

Operations based on judgement, in contrast to
documented rules and policies, are not simulated,
nor are aspects of OCAP outside of the geograph-
ical scope of the operations model. Therefore,
Newlands Project maximum allowable diversion
(MAD), efficiency targets, incentives, and disin-
centives are not considered for the simulation of
Truckee River diversions. These aspects of
OCAP are dictated by unpredictable human and
climatic factors in the Carson Division down-
stream from Lahontan Reservoir and the Truckee
Division adjacent to the Truckee Canal. Also,
individual actionstaken by the Federal Water
Master or BOR to reduce diversions to the Truc-
kee Canal are not simulated. As aresult, storage
of credit water in Stampede Reservoir based on
these types of decisionsis not simulated.

The Truckee Canal capacity is assumed to be
900 ft3/s. It may be modified by the user.

Truckee Canal conveyance losses are assumed to
be uniform along the 32.5-mile length of the
canal. Losses for each canal reach were deter-
mined by the proportion of the length of that
reach to the length of the entire canal.

Inherent error exists in forecasted values. There-
fore, simulated operations based on forecasts may
not be as accurate as they would be with perfect

foresight.

A minimum flow of 5.0 ft3/sis simulated for the
terminal reach of the Truckee Canal when Truc-
kee Division demand for Truckee River water is
positive but Lahontan Reservoir demand for
Truckee River water is zero. This assumption
assures that Truckee Division demands are satis-
fied.

Truckee Division demands are opportunistically
satisfied regardless of Lahontan Reservoir
demands for Truckee River water.

Diversions from the Truckee Canal to satisfy
Truckee Division demands are apportioned along

the reaches of the canal based on measured flows
from 10 diversions aong the Truckee Canal for
water year 1993. The measured flow from each
diversion was compared to the total measured
flow from the 10 diversions to determine a pro-
portion coefficient for each diversion. The appro-
priate coefficient is then applied to the monthly
Truckee Division demand to estimate the
monthly diversion from each reach.

« Diversionsto satisfy animal demands (stockwa-
ter) along the Truckee Canal are not simulated.
However, an option is available to specify stock-
water demands along the canal.

» Categories are converted to pooled water at the
downstream end of several reachesfor use by Orr
Ditch Decree water rights, including the New-
lands Project. The following are water category
changes for Truckee River reaches.

—For reach 240, just downstream from the Farad
gaging station, the category natural water con-
verts to pooled water.

— For reach 360, just downstream from the Glen-
dale Water Treatment Plant, the most down-
stream Truckee Meadows M& | water intake
ontheTruckeeRiver, natural water convertsto
pooled water and PCPOSW and Power Com-
pany M& | credit water convert to pooled
water. Power Company M&| credit water isa
water category only used in draft TROA oper-
ations. It isdefined for draft TROA operations
in the subsequent section “ Proposed Water
Categories.”

— For reach 390, just downstream from Truckee
River confluences with Steamboat Creek and
North Truckee Drain, natural water convertsto
pooled water.

— For reach 440, at the USGS gaging station
TruckeeRiver below Tracy, Nev., natural water
and TCIDPOSW convert to pooled water.

Losses and Gains to Reaches

L osses and gains due to evaporation, precipita-
tion, and inflows modify the volumes of reservoir and
river reaches. Adjustments of reservoir and river stor-
age accounts of water categoriesfrom evaporation, pre-
cipitation, and inflowsare not directly addressed under
current operations (Jeff Boyer, U.S. District Court

DESCRIPTION AND SIMULATION OF TRUCKEE RIVER BASIN OPERATIONS 65



Water Master, oral commun., 1998). For reservairs,
evaporation, precipitation, and inflows are not consid-
ered separately; rather, “net inflow” iscomputed asthe
changein reservoir volume plus measured outflowsfor
each day. When daily net inflow is positive, the inflow
of agiven reservoir exceeds losses, and conversely,
when daily net inflow is negative, losses from evapora-
tion and seepage exceed the daily inflow.

Under current operations, inflow to reservoirs,
including tributary inflow and precipitation, isassigned
to pooled water for Lake Tahoe and to natural water
for the other lakes and reservoirs. However, when
evaporation exceeds inflows, net inflow is negative
and reservoir storage will decrease. Although not
directly addressed in legal decrees and agreements,
storage accounts of water categories must be adjusted
for the reduction in storage in current operational prac-
tices. The accounts of water categories listed below
for the seven major reservoirs upstream from the Farad
gaging station are considered a reasonabl e approxima-
tion of those usedin current practiceto reduce reservoir
storage.

Lake Tahoe
Reduction in reservoir storage is allocated
entirely to pooled water.

Donner Lake

Reduction in reservoir storage is allocated first
to daily Donner Lake inflow and second equally
to Power Company privately owned stored water
(PCPOSW) and TCID privately owned stored
water (TCIDPOSW).

MartisCreek Lake
Reduction in reservoir storage is assigned to
natural water.

Prosser Creek Reservoir
Reduction in reservoir storage is allocated first
to natural water inflow and uncommitted water
in proportion to their volumes, and second to
Tahoe-Prosser Exchange water.

Independence L ake
Reduction in reservoir storageis allocated
first to Independence Lake inflow and second
to PCPOSW.

Stampede Reservoir
Reduction in reservoir storage is allocated to
all water categoriesin storage in proportion to
their volumes.

Boca Reservoir
Reduction in reservoir storage is alocated to
all water categoriesin storage in proportion to
their volumes.

The following discussion describes how the
operations model simulates evaporation, precipitation,
and inflow losses and gains from reservoir and river
reaches. First, the methodsto simulate gains and losses
will be described, and then the selection of water-cate-
gory accounts for gains and losses.

Depending on the external time series input to
reservoir and river reaches, either net inflow or sepa-
rate evaporation and precipitation fluxes may be simu-
lated (see previous section “Data for Simulation of
Streamflow and Operations’). Unlike most operations,
which are simulated in the SPECL block, tributary
inflow, evaporation and precipitation fluxes, or net
inflow to and from reservoir and river reachesis simu-
lated in the RCHRES block of HSPF.

For Truckee River reservoirsexcept Lake Tahoe,
Pyramid Lake, and river reaches downstream from
Vista, external time series of evaporation and precipi-
tation rates are input to the simulation model. Addition-
aly, inflowsareinput to the model at reservoir reaches
representing upstream model boundaries (Truckee
River reservoirs except Lake Tahoe and Pyramid
Lake). Theinflows were determined by PRMS
simulations as described in the previous section,
“Datafor Simulation of Streamflow and Operations.”
To simulate evaporation and precipitation volume
fluxes to each reservoir and river reach, the time
series of rates are applied to the daily simulated
surface area of reservoir and river reaches (see
previous section, “ Description of Hydrological
Simulation Program—FORTRAN?").

For Lake Tahoe and river reaches upstream from
Vista, external timeseriesof netinflowsareinput tothe
simulation model. Evaporation and precipitation are
included in net inflow, and therefore are not considered
separately as described just above. Daily net inflow to
Tahoe was calculated by continuity; daily net inflow
equals the change in storage plus outflow. Externa
time series of daily net inflows to river reaches
upstream from Vistawere provided by two methods as
described in the previous section, “ Datafor Simulation
of Streamflow and Operations.” Upstream from Farad,
daily net inflows to river reaches were determined by
model simulations using PRM S. Between Farad and
Vista, daily net inflows were determined using water
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bal ance computations or regression analysis. When
daily net inflow is positive, the inflow to Tahoe or to
the river reaches upstream from Vista exceeds | osses,
and conversely, when daily net inflow is negative,
losses from evaporation exceed the daily inflow. For
Lahontan Reservoir, losses are simulated as described
in the previous section, “Truckee River Diversionsto
Newlands Project.”

Storage accounts of water categories must be
adjusted for changes in storage resulting from losses
and gains to reaches. Reservoir inflows for simulation
of current operations, including tributary inflow and
precipitation, are assigned to pooled water for Lake
Tahoe and to natural water for the other lakes and res-
ervoirs. For river reaches, inflow, including tributary
inflow and precipitation, is assigned to natural water
upstream from the Farad gaging station. Downstream
from Farad, all inflows from tributaries and precipita-
tion are assigned to pooled water.

Simulated losses from river reaches from evapo-
ration and ET from phreatophytes are assigned to
pooled water downstream from the Vistagaging station
(Berris, 1996). Upstream from the Vistagaging station,
losses from river reaches are implicit in the described
methods used to determinenet inflowsfrom tributaries.
Becausethe net inflowsto river reaches upstream from
Farad are positive, losses are not assigned to water
categories upstream from Farad. However, losses may
exist between Farad and Vista. These losses are
assigned to pooled water.

Simulated reservoir losses, except for Pyramid
Lake, from evaporation or negative net inflows are
allocated to categories as described in the list above by
rank order. If more than one category shares the same
rank, then evaporation isassigned to those categoriesin
proportion to the volumes of those categories. For Pyr-
amid Lake, evaporation will be allocated to pooled
water.

Assumptions were made in devel oping the code
to simulate losses and gains from evaporation and pre-
cipitation and some of the more notable assumptions
follow.

» Depending on the external time series data, tribu-
tary inflows, evaporation, and precipitation,
rather than net inflows, may each be input to the
simulation model for all reservoir reaches except
L ake Tahoe (see previous section, “Datafor Sim-
ulation of Streamflow and Operations”). This
assumption may create small differences, when

loss and gain volumes are assigned to water cate-
gories, when compared to the assignment of
losses and gainsto water categories using just net
inflow as input to the simulation model for those
reaches.

» Evaporation is only assigned to natural water for
Martis Creek Lake simulation.

Description and Simulation of Operations
Under Draft Truckee River Operating
Agreement and Water Quality Settlement
Agreement

Draft TROA (Bureau of Reclamation and others,
1998), still being negotiated as of 1998, and the
WQSA, signed in 1996, are designed to make more
effective and efficient use of water categories in reser-
voir operations to achieve multiple objectives, includ-
ing:

1. Increasing the drought water supply for M& I uses
in the Truckee River Basin in Californiaand the

Truckee Meadows.

2. Increasing the water supply and improving water
management for maintenance of cui-ui flow tar-
getsfor endangered and threatened Pyramid L ake
fish.

3. Enhancing instream flow for fish and water qual-
ity.

4. Maintaining reservoir storage levelsfor recre-
ational uses.

5. Satisfying the exercise of Orr Ditch Decree
water rights.

6. Satisfying dam safety and flood-control
requirements.

The objectivesmay beachieved by revising many
of the current operations regarding water storage and
release practices. Such changesto current operations
will add the flexibility to practice different operations
that are more effective for different circumstances.
However, operationsunder draft TROA and WQSA are
designed to not conflict with Orr Ditch Decree water
rights or interfere with flood-control criteria. The fol-
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lowing exampleillustrates how a proposed reservoir
operation, the in-lieu-of exchange, can be used to
achieve multiple objectives.

In-lieu-of exchangesinvolvetherelease of oneor
more water categories from one or more reservoirsin-
lieu of arelease of water of yet another category from
one or more other reservoirs. Thistype of exchangeis
illustrated for Boca Reservoir and Lake Tahoe asfol-
lows. Suppose pooled water in Bocais currently being
released at arate of 60 ft3/sto satisfy Floriston rates.
However, an enhanced draft TROA minimum-flow
reguirement downstream from Lake Tahoe requires a
release of 75 ft%/s, or an additional release of 25 t%/s
greater than the current release of 50 ft3/s downstream
from the lake, which is only enough to meet current
minimum-flow requirements. If a proposed cr edit
water category isavailableto increasethereleasefrom
Tahoe and if the release from Boca pool ed water can be
reduced by an equivalent amount, an in-lieu-of
exchange may be made to satisfy both the enhanced
flow requirement and the Floriston rate requirement.

This example usesfish credit water to increase
the release from Lake Tahoe, but one or more other
proposed credit water categoriesin Tahoe may be used
for this exchange. Thus, 25 ft¥/s of the 60 ft3/s pooled
water rel ease from Boca Reservoir may be substituted
by arelease using fish credit water from Tahoe. First,
the pooled water release from Boca of 60 ft3sis
reduced to 35 ft3/s. That volume of pooled water not
released from Boca and now held in storage is
exchanged to fish credit water. At the sametime, an
equivalent volume of fish credit water in Tahoeis
exchanged to pooled water and then immediately
released to be counted toward Floriston rates. Thus, a
transaction occurred in which part of a pooled water
rel ease from Boca was substituted by arelease from
Tahoe of pooled water (exchanged from fish credit
water). Thefollowing four objectiveswereachieved by
thisin-lieu-of exchange.

1. Foriston rates were maintained even though
the pooled water rel eases originated from
different reservoirs.

2. The enhanced draft TROA minimum-flow
reguirement was achieved downstream from
Lake Tahoe.

3. BocaReservoir water-surface elevation was
sustained for recreational uses.

4. Fish credit water was moved from Lake Tahoe
to Boca Reservoir. Fish credit water in Boca
can then be exchanged upstream into Stampede
Reservoir, which is considered to be the saf est
reservoir for long-term storage of credit water
and more accessible than Lake Tahoe.

Draft TROA and WQSA are separate agreements
that can be implemented separately or together.
Although the two agreements contain separate objec-
tives, they do contain many common elements. For this
report, it will be assumed that when draft TROA is
implemented, WQSA will be implemented also.
WQSA will utilize procedures and opportunities pri-
marily provided by draft TROA, and will not provide
additional procedures. However, WQSA by itself does
not provide as many opportunities to achieve water-
quality benefits as does draft TROA. Additionally,
WQSA by itself does not provide opportunities to
achieve benefits other than water-quality benefits, as
does draft TROA. Although draft TROA and WQSA
will only be discussed together hereafter in this report,
the USGS Truckee River operations model provides
three options for simulation: (1) current operations,
(2) current operations combined with draft TROA and
WQSA operations, and (3) current operations, com-
bined with WQSA operations, but without draft TROA
operations.

Two key elementsof draft TROA and WQSA that
enabl e changesto current operations include (1) reduc-
tion of reservoir releases used to maintain flows for
Floriston rates and simultaneous retention of that water
ascredit water in storage, and (2) exchange of water
stored in or released from Truckee River reservoirs
with water stored in other Truckee River reservoirs.
Thefirst element involvesreducing therequired flow at
the Farad gaging station by partiesentitled to otherwise
divert Truckee River water from Floriston rates
releases. The consumptive use portion of such water
would be retained as credit storage in reservoirs and
would be converted to new credit water categories for
accounting purposes. Additionaly, thisfirst element
involvesreducing therequired flow at the Farad gaging
station when Truckee River flows downstream from
Derby Dam, that were released for Floriston rates, are
not needed to satisfy Orr Ditch Decreerights or in-
stream flow targets. For this method of credit storage,
the entire volume of water not needed to satisfy Orr
Ditch Decreerightsisretained and converted to acredit
water category. Credit storage, as described above,
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doesnot reduce Floriston rates. I nstead, therateswould
be a standard from which flow reductions and subse-
guent water storage can be determined. The newly des-
ignated water categories would be available only to
satisfy those objectivesfor which they wereretained in
storage. These water categories, newly designated for
draft TROA and WQSA, will be defined in the subse-
guent section “Proposed Water Categories.”

The second element involves the use of water
exchanges between reservoirs to coordinate rel eases
and achieve multiple objectives. Many exchanges are
specificaly referred to in draft TROA as mandatory
exchanges. These exchanges must occur when speci-
fied conditions exist. Voluntary exchanges are subject
to agreement between affected parties. Many voluntary
exchanges are explicitly referred to in draft TROA, but
additional voluntary exchanges, not specifically enu-
merated in the draft TROA, also are allowed if the
affected parties agree.

Proposed Water Categories

A magjor difference between current and draft
TROA operationsisthe creation, use, and exchange of
credit water sunder draft TROA. Thefollowing credit
water categories are identified in draft TROA (with
base amounts or storage limits where applicable).

e CaliforniaM&]| credit water (CMICW) —
Water stored for M&| usesin California. Up to
8,000 acre-ft of CMICW could be accumul ated
with amaximum of 3,000 acre-ft in Truckee
River reservoirs other than Lake Tahoe.

» Fernley credit water—Water stored and used
by the town of Fernley for M&| purposes.

» Fish credit water—Water stored and used for the
benefit of Pyramid Lakefish. Thiscredit water is
established, stored, and managed differently than
fish water under current operations. Thereisno
storage limit of fish credit water.

» Joint Program fish credit water (JPFCW) —
A part of fish credit water stored and used by
Cdliforniafor recreational pool and instream flow
purposes. Thetotal amount of JPFCW in storage
at any time shall not exceed 20,000 acre-ft.

» Newlands Project credit water—Water stored
and used to satisfy OCAP demands.

Other credit water—Water stored and used
for beneficia usesthat are not defined in draft
TROA at thistime.

Power Company emer gency drought supply
(PCEDS)—Water stored in Stampede Reservair
to provide water under severe drought condi-
tions for Truckee Meadows M& | purposes.

The maximum amount for PCEDSis 7,500 acre-
ft as defined in draft TROA.

Firm Power Company M& | credit water (firm
PCMICW)—Water storedin Stampede Reservoir
and used to provide water under drought condi-
tions to Truckee Meadows for M& | purposes.
The base amount for firm PCMICW is defined
below in the definition for nonfirm PCMICW.

Nonfirm Power Company M& | credit water
(nonfirm PCMICW) —Any water other than
firm PCMICW and PCPOSW storedin aTruckee
River reservoir and used for Truckee Meadows
M& | purposes. The amount of firm and nonfirm
PCMICW stored would be based on M& |
demand in Truckee Meadows and California
depletions (diverted water not returned to the
Truckee River) inthe Truckee River Basinin Cal-
ifornia. The amount of nonfirm PCMICW to be
carried over from one year to the next isbased on
the existence of adrought situation asdefinedin
the section “ Forecasts Affecting Operational
Decisions.” Asannual M& I demand in the Truc-
kee Meadows for Truckee River water increases
from 80,000 acre-ft/yr to 119,000 acre-ft, and as
Cdlifornia sM&I depletion of Truckee River
basin water increases from 3,000 to 16,000 acre-
ft per year, the nondrought-situation carryover
limit for storing firm PCMICW would increase
from 2,000 to 12,000 acre-ft and the nondrought-
situation carryover limit for nonfirm PCMICW
would increase from 4,000 to 20,000 acre-ft as
described by the Preliminary Settlement Agree-
ment (PSA) (California Department of Natural
Water Resources, 1991, p.126). During the non-
drought situation an adjustment, as a percent
determined in the PSA, is made in the computa-
tion for the carryover storage of nonfirm
PCMICW, whereas during a drought situation,
no adjustment is made.

Water-quality credit water (WQCW)—Water
acquired and dedicated to augment instream
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flowsin the Truckee River from the Truckee
Meadows to Pyramid L ake to enhance water
quality and preserve wildlife and fish habitat
along the lower Truckee River downstream
from Derby Dam, pursuant to the Truckee River
Water Quality Agreement. There is no storage
limit for WQCW.

Proposed Reservoir Operations

Under draft TROA and WQSA, several reservoir
operations use proposed water categories for storage,
exchanges, and demands. These operations are dis-
cussed in the following sections.

Storage of Proposed Water Categories

Under draft TROA and WQSA, credit water
categories can be established and accumulated within
several Truckee Basin reservoirs. Draft TROA allows
flexibility for storage and accumulation of these new
water categories; several categories of water may be
stored in the same reservoir and each category may be
stored in several reservoirs. Currently (1998), there are
several “new” categories of credit water still under
negotiation. Asaresult of conceptual uncertainties
associated with these “new” water categories and time
constraints for documentation of this model, the pro-
posed water categories referred to as Fernley credit
water, Newlands Project credit water, and other credit
water were not coded and simulated in the USGS Truc-
kee River Basin operations model and, therefore, are
not described further in this report.

California Municipal and Industrial Credit Water

Under draft TROA, California can store a part of
its unused surface-water allocation in Truckee River
reservoirsfor M&| purposes. California M& | credit
water (CMICW) would be created in Lake Tahoe by
exchange of adirect diversion appropriative right of
natural water originating downstream from Tahoe in
lieu of arelease from Tahoe to satisfy that diversion
amount. Oncein Lake Tahoe, it could be exchanged to
other Truckee River reservoirs. Up to 8,000 acre-ft
could be accumulated, with a maximum of 3,000 acre-
ft in Truckee River reservairs other than Lake Tahoe.
That part of Californid s surface-water allocation not
diverted (either directly for agricultural or M& 1 use or
accumulated as CMICW storage) can be used to create
Joint Program fish credit water (JPFCW), which could
be used to maintain instream flows or recreational pool

levelsin California. Generally, storage, release, and
exchange of CMICW storage would have a priority
junior only to that of project water.

Thefollowing discussion describes how the oper-
ationsmodel simulates storage of CMICW. Simulation
of CMICW and JPFCW is difficult because, in actual
operations, management criteria not yet established
will be used in a planning and scheduling process that
determines what part of California’ s surface-water
allocation will be used for direct diversion (for M&I1 or
agricultural use), for storage as CMICW, or for storage
as JPFCW. Because the scheduling procedure to be
used by California could not be fully characterized in
the model code, the simplifying assumptions that fol -
low were developed. In the operations model, Califor-
nia's surface-water alocation isfirst used to satisfy
direct diversion demandsfor agricultural and M& I use.
That part of the surface-water allocation not used can
then be used to satisfy storage needsfor CMICW. After
direct diversion and storage of CMICW, any of Cali-
fornia s unused surface-water allocation will be avail-
able to create JPFCW.

Thefirst step in simulating the storage of
CMICW isto assign numerical valuesto the following
variablesin theinitial numerical assignments and
computations subblock.

» Annual volumes are established for California
surface-water allocation (10,000 acre-ft) and total
alocation (32,000 acre-ft). Total alocation
includes both surface- and ground-water alloca-
tions.

* Vaiablesareinitialized that accumulate annual
CMICW storage and JPFCW storage.

» Basedemandsare set for CaliforniaMé&| ground
and surface water and for surface-water irriga-
tion. The default base level demands are 1992
values obtained from John Sarna (California
Division of Water Resources, oral commun.,
1997).

» Annual growth-rate factors are set for M&|
surface-water use, M& | ground-water use,
and surface-water irrigation.

* A CMICW storage factor, used to determine the
target amount of credit water storage desired in
any year, is set by the user. The factor is com-
puted as ratio of the desired amount of credit
water in storage divided by the current direct
diversion demand for surfacewater. For example,
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if thedirect diversion demand for surfacewater in
agiven year is expected to be 5,000 acre-ft, Cali-
forniamay elect to keep only three-fourths of
that amount in storage as credit water storage for
insurance purposesin case of drier-than-expected
conditions. So, the CMICW storage factor in
this instance would be 0.75 and would bein
effect for the entire simulation. In this example,
CMICW would only be created if current storage
of CMICW was less than the target storage of
3,750 acre-ft (0.75 x 5,000 = 3,750), even though
up to 8,000 acre-ft of CMICW can be stored
under draft TROA rules.

After initial numerical assignments and computa-
tions are made, storage of CMICW up to the target
amount is simulated in the subblock CaliforniaMé&|
creation. If the demand (base demand adjusted by the
growth-ratefactor) for direct diversion of surface water
inayear islessthan California s surface-water alloca-
tion (10,000 acre-ft), then the balance is available for
storagein Lake Tahoe as CMICW if thefollowing con-
ditions are met.

 Lake Tahoe releases must be greater than mini-
mum or enhanced reservoir rel ease requirements.

» Foriston rates are satisfied.

e Total CMICW currently simulated in storage
must be less than 8000 acre-ft.

e Total CMICW currently simulated in storageis
less than the target CMICW storage.

» The proposed amount of water to be stored as
CMICW must be avail able as additional pooled
water in Lake Tahoe. Also, the hydraulic capacity
of the outlet at the lake must be sufficient to allow
the release, in addition to what is already being
released, of that amount of water proposed for
storage as CMICW, just as would be required if
Californiawere to exerciseits direct diversion
right downstream.

If all of these conditions are met, then an amount
up to the target amount of CMICW is created by trans-
fer of pooled water in Lake Tahoeto CMICW. Thetar-
get storage amount is further adjusted by the amount of
CMICW aready in storage. In other words, afinal tar-
get storage is computed by subtracting any existing
CMICW dready in storage from the target storage.
Any of California sremaining surface-water allocation

not targeted for storage or already planned for direct
diversion will then be available for storage as JIPFCW.
The amount of water available for JPFCW will be the
surface-water allocation minus California’ s planned
direct diversion minus the target storage for CMICW.
Using the example in the last bullet under initia com-
putations above, if Californiademand for direct diver-
sion of surface water is 5,000 acre-ft and the storage
factor is0.75, then 1,250 acre-ft would be available for
the creation of JPFCW that year (10,000 — 5,000 —
3,750 = 1,250), assuming no existing storage of
CMICW at thetime. Seethefollowing section, “ Power
Company Municipa and Industrial Credit Water, Fish
Credit Water, Water-Quality Credit Water, and Joint
Program Fish Credit Water,” for adiscussion of the
establishment and storage of JPFCW.

Various assumptions were used in this subblock.

» CdliforniaM&| diversionsare assumed to be con-
stant for every day of the year from January 1st
through December 31st. Irrigation diversions are
assumed to be constant for every day of theirri-
gation season (length of beginning and ending
datesfor theirrigation season may vary). Aswith
irrigation water, no more than 25 percent of the
surface water available for CMICW can be used
in any one month for creation of CMICW.

» The entire surface-water allocation each year is
used for direct diversion (for agricultural and
Mé&]I use), CMICW storage, or JPFCW storage.
The ground-water use is thus limited to 22,000
acre-ft per year (32,000 — 10,000 = 22,000), even
though more ground water could be used in prac-
ticeif the surface-water allocation is not used.
The demand for ground water is accounted for in
this program because it must be known to deter-
mine California depletions and is used, ulti-
mately, in the computation of allowable Power
Company M&| credit water storage (see the
section “Proposed Water Categories”).

* The operations model does not allow exchanges
for storage of up to 3,000 acre-ft of CMICW in
other Truckee River reservoirs, even though draft
TROA permits such exchanges. Currently, the
only fresh-water intake (point of demand) for
CaliforniaM&| useis at the town of Truckee,
Cdlif. Lake Tahoeisthe only storage facility
upstream from Truckee that could be operated to
meet CaliforniaM & | demands. CMICW supplies
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exchanged to other Truckee River reservoirs
could not be called upon unless (1) new treatment
facilities were constructed downstream from one
or more of these reservoirs, or (2) avoluntary
exchange of that CMICW into Lake Tahoe was
made. For these reasons, the ability to exchange
up to 3,000 acre-ft of CMICW from Lake Tahoe
to other reservoirs was not included in the opera-
tions model.

Power Company Municipal and Industrial Credit
Water, Fish Credit Water, Water-Quality Credit
Water, and Joint Program Fish Credit Water

Draft TROA provides procedures for accumula-
tion and storage of Power Company M& | credit
water (PCMICW), fish credit water, water-quality
credit water (WQCW), and Joint Program fish
credit water (JPFCW) in addition to storage of other
water categories. The following discussion will first
describe how these credit waters will be accumulated
under draft TROA and then describe accumulation as
simulated in the operations model.

As previously discussed, PCMICW can be used
asM&| drought supply by the Power Company. It can
be accumulated by (1) creating and accumulating the
consumptive use portion of former agricultural diver-
sionrights (specified in the Orr Ditch Decree) acquired
by the Power Company that would have been released
to maintain Floriston rates, (2) re-storage of PCPOSW
released from Independence Lake to a designated res-
ervoir, or (3) implementing a number of mandatory
and voluntary exchanges and transfers. Only thefirst
method will be described in this section. For that
method, PCMICW will be accumulated by areduction
of releases used to maintain Floriston rates correspond-
ing to the daily consumptive use portion of the former
agricultural diversion right. The term former agricul-
tural diversion right means awater right from the
Truckee River or itstributaries, originally used for
irrigation in accordance with the Orr Ditch Decree,
that has been purchased or otherwise acquired for uses
other than agricultural. The second and third methods
of accumulating PCMICW are addressed in the sec-
tions “Mandatory Exchanges and Transfers’ and
“Voluntary Exchanges,” respectively.

PCMICW will be classified as either “firm”
or “nonfirm.” Firm Power Company M & credit
water (firm PCMICW) can only be stored in Stam-
pede Reservoir. It isarelatively secure water category
becauseitisgivenahigh priority for storage and would

be one of the last waters to evaporate or to be released
or spilled during flood-control operations. Firm
PCMICW also has the first right to credit storein
Stampede from July 1 to December 31 of any year if
the volume of firm PCMICW in the reservoir is below
its base amount and if a nondrought situation is deter-
mined (see previous section “ Proposed Water Catego-
ries’ and alater section “Drought Situation” for
discussions on firm PCMICW base amounts and non-
drought situations, respectively). Nonfirm Power
Company M&1 credit water (nonfirm PCMICW)
will be less secure than firm PCMICW becauseit hasa
lower priority for storage and will evaporate or be
released or spilled during flood-control operations
before firm PCMICW. Nonfirm PCMICW can be
stored in al Truckee River reservoirs. PCMICW cre-
ated by release reductions can be added to reservoir
storage even if that storage means downstream water-
quality targets® will not be achieved.

Fish credit water iswater other than fish water
that can be stored and used directly for the benefit of
Pyramid Lake fish. Fish credit water can be accumu-
lated by (1) retaining in storage that portion of pooled
water not needed to immediately satisfy Orr Ditch
Decree water rights and that would have flowed to
Pyramid Lake, and (2) implementing a number of
mandatory and voluntary exchanges and transfers.
Only the first method will be described further in this
section. For that method, pooled water not needed to
meet Orr Ditch Decree demands and retained as fish
credit water would have flowed to Pyramid Lake as
excessto Orr Ditch demands. The second method of
accumulating fish credit water, implementing ex-
changes and transfers, is addressed in the sections of
thisreport, “Mandatory Exchanges and Transfers’ and
“Voluntary Exchanges.” Unlike accumulation of
PCMICW corresponding to acquired water rights,
there is no limit to the accumulation of fish credit
water. The priority for storage of fish credit water is
lessthan that of pooled water, firm PCMICW, and fish
water. Therefore, it will be spilled before these other

9\Nater-qual ity targets consist of target instream flowsin the
Truckee River at Sparks or downstream from Derby Dam (reaches
370 and 450, respectively) to resolve water-quality problems and
to improve fish and wildlife habitat. Water-quality targets will be
discussed later in the section “Water-Quality Targets and Related
Instream Flow Transfers.”
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categories. Unlike PCMICW, fish credit water cannot
be accumulated if such storage resultsin water-quality
targets not being achieved.

Thefirst 7,500 acre-ft of PCMICW transferred to
fish credit water in Stampede Reservoir will be
reserved as a drought water supply for Truckee Mead-
ows M&I uses. Thiswater, called Power Company
emer gency drought supply (PCEDS) in the opera-
tions model, can only be used for M& | purposes after
nonfirm and firm PCMICW and Power Company
POSW (PCPOSW) supplies have been exhausted and
5,000 acre-ft has been pumped from the dead storage
pool of Independence Lake. PCEDS water will have
the highest-storage priority and, therefore, will not be
subject to spill and will not be subject to evaporation
unlessit isthe last water category in Stampede Reser-
voir. A more detailed discussion on the creation of
PCEDS is presented in a subsequent section, “Other
Exchanges and Transfers.”

As previously discussed, a part of California’'s
surface-water allocation not scheduled for diversion
directly from the Truckee River or stored as Caifornia
M& I credit water may be reserved as Joint Program
fish credit water (JPFCW) for use in providing mini-
mum instream flows and reservoir recreation poolsin
Truckee River reservoirsin California. Provided that
storage of PCEDSwater in Stampede Reservoir isat its
7,500 acre-foot limit, half of the fish credit water accu-
mulated and stored each year will be considered to be
JPFCW, up to theannual allocation limit and subject to
a 20,000 acre-ft maximum at any time. The priority for
storage and spill isthat of fish credit water. Once
released for instream flows, JPFCW will ultimately
flow to Pyramid Lake, but it can be temporarily re-
stored in adownstream reservair.

Aspreviously discussed in the section “ Proposed
Water Categories,” water-quality credit water
(WQCW) isdedicated to augment instream flowsin the
Truckee River from the Truckee Meadows to Pyramid
L ake for the enhancement of water quality and to pre-
serve wildlife and fish habitat along the lower Truckee
River downstream from Derby Dam. The WQSA pro-
vides for acquisition of Orr Ditch Decree water rights
for the creation of WQCW. The accumulation of
WQCW will correspond to the consumptive use por-
tion of acquired water rights. Additional accumulation
of WQCW of up to 6,700 acre-ft per year will corre-
spond to those Orr Ditch water rightsirrigated by sew-

age effluent from Truckee Meadows ground-water
sources rather than irrigated from pooled water from
the Truckee River.

WQCW can be accumulated or created by three
methods under draft TROA in conjunction with
WQSA. The first method involves reducing releases
corresponding to the consumptive use portion of Orr
Ditch Decree water rights acquired under WQSA that
would otherwise have been released to maintain Floris-
ton rates, and converting the retained pooled water
WQCW. The second method involves the accumula-
tion of WQCW during a fish run corresponding to the
consumptive use portion of acquired Orr Ditch Decree
water rights flowing directly to Pyramid Lake. This
water was not rel eased to maintain Floriston rates and,
in effect, augments fish water releases during the fish
run. As aresult, the excess water flowing to Pyramid
L ake corresponds to a volume of fish water not
released from reservoirs during periods when cui-ui
flow targets are in effect (fish runs). It is this stored
volume of fish water that may be converted to WQCW
in accordance with the daily water rights acquired
under WQSA.. A discussion on cui-ui flow targetsis
given in the previous section, “ Pyramid Lake Fish.”
The third method involves the instream creation of
WQCW within the Truckee River by transferring to
WQCW that part of pooled water obligated to Orr
Ditch Decree water rights acquired by WQSA.
Instream creation of WQCW is different from the pre-
vious two methods in that it involves creation of
WQCW asaflow within theriver rather than as storage
within areservoir. The instream flow conversions are
limited to those times when Truckee River flow isless
than the specified water-quality target.

Thefirst and second methods of accumulation of
WQCW will be described further in this section. The
third method of WQCW accumulation, instream cre-
ation of WQCW is addressed in a subsequent section,
“Water-Quality Targets and Related Instream Flow
Transfers.” The priority for storage of WQCW isjunior
to the priority of al water categories designated under
current operations, Power Company M& | credit waters
(PCMICW), fish credit water, CaliforniaM &1 credit
water (CMICW), Joint Program fish credit water
(JPFCW), and Power Company emergency drought
supply (PCEDS). Accordingly, WQCW will be spilled
before these other categories.

The following discussion describes how the
model simulates the creation of the draft TROA
categories Power Company M&| credit water
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(PCMICW), fish credit water including Joint Program
fish credit water (JPFCW), and water-quality credit
water (WQCW). Theinitial assignments and compu-
tations subblock determines the volume of Orr Ditch
Decree water rights acquired for PCMICW and
WQCW. The credit storage subblock computes accu-
mulations of PCMICW, WQCW, and fish credit water
and JPFCW by reduction of releasesfor Floriston rates.
WQCW also may be accumulated by a second method
in the credit storage subblock, in which fish and fish
credit watersretained during fish runsare exchanged to
WQCW. A third method for creation of WQCW
involves the instream conversion of pooled water to
WQCW in the Truckee River and is described in the
section “Water-Quality Targets and Related Instream
Flow Transfers.” The primary objective of instream
creation of WQCW issimilar to the objective of releas-
ing WQCW: to satisfy water-quality targets at Sparks
and downstream from Derby Dam. Therefore, the
instream creation of WQCW is simulated with reser-
voir releases of water-quality water in the subblock
water-quality credit water operations. Lastly, credit
waters accumulated by exchanges between reservoirs
or by re-storage istypically an auxiliary benefit from
many operations that are discussed in numerous sec-
tions regarding draft TROA operations. Such opera-
tions that serve other objectives in addition to their
primary objective can be called “ multi-purpose” oper-
ationsand illustrate the flexibility available under draft
TROA. Consequently, these multi-purpose operations
are discussed elsewherein this report. Additionally,
creation of firm and nonfirm PCMICW and creation of
Power Company emergency drought supply (PCEDS)
will be described in a subsequent section, “ Other
Exchanges and Transfers.”

Theinitial assignments and computations sub-
block provides default values of former irrigated acre-
ages to determine water rights acquired for PCMICW
and WQCW waters. The default values may be modi-
fied by the user. Acquired water rights are determined
by applying consumptive use duties, rather than irri-
gation ditch duties, to the former irrigated acreages.
Consumptive use duties, referring to water actually
consumed for irrigation that does not returnto theriver,
are assumed to be 2.5 acre-ft per acre. These duties are
less than irrigation ditch duties because ditch efficien-
cies and return flows are not considered.

Additional water rights for creation of WQCW,
up to 6,700 acre-ft per year, are obtained from irriga-
tion of Orr Ditch water rights using sewage effluent

originating from Truckee Meadows ground water
sources rather than pooled water from the Truckee
River. Thus, irrigators use sewage effluent instead of
pooled water. As aresult, that pooled water may be
retained in storage for conversion to WQCW. The vol-
ume of sewage effluent used for irrigation is set by the
user in the subblock initial assignments and computa-
tions. Thisvolumeisthen added to the acquired water
rights for creation of WQCW.

From the above assignments and computations,
the annual water rights acquired for PCMICW and
WQCW are used to compute the daily water rights for
each purpose. Because the Power Company may
directly divert acquired agricultural water rights from
the Truckee River for M&I uses, the daily water right
for credit storageislimited to the consumptive use por-
tion of acquired rights not diverted (a discussion of
Power Company M& | demands for Truckee River
water was given in the previous section “Privately
Owned Stored Water”). The daily water rights consti-
tute the maximum daily volume of PCMICW and
WQCW that may be created. The creation of each
water category during a given month may not exceed
25 percent of itsannual water right allocation. It is
assumed that former agricultural diversion rights can
only be used to create draft TROA water categories
during the irrigation season because these rights are
based on agricultural uses during this period.

Creation of fish credit and Joint Program fish
credit waters (JPFCW) are not based on model codein
the initial assignments and computations subblock.
Instead, creation of fish credit water, from which
JPFCW and Power Company emergency drought sup-
ply (PCEDS) waters are created, is based on retaining
pooled water releases for the maintenance of Floriston
rates if that release is not needed to satisfy Orr Ditch
Decree rights and, as aresult, flows to Pyramid Lake.
Therefore, a determination is made in the subblock
credit storage whether or not pooled water releasesfor
Floriston rates can be retained for creation and storage
of these waters.

After initial assignments and computations are
made, the subblock credit storage simulates the cre-
ation and storage of credit water by (1) reducing the
portion of releases for Floriston rates not required to
satisfy the exercise of water rights and converting the
retained water to Power Company M&I credit, fish
credit, or water-quality credit waters, or (2) converting
retained fish and fish credit waters to WQCW during
fish runs. Reduction of releases to maintain Floriston
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rates are made in accordance with (1) excess Power
Company water rights not diverted for M& | uses that
could convert to PCMICW and water rights acquired
for WQCW, (2) the flow of pooled water to Pyramid
Lake for fish-credit water, and (3) the allowabl e reduc-
tion of releases of pooled water for Floriston rates.
Note that reservoir pass-throughs of natural water for
Floriston rates and Truckee Canal diversion rights, as
discussed in the sections “ Floriston Rates’ and “ Reser-
voir Pass-Throughs to meet Newlands Project
Demands,” may also be reduced and the natural water
retained will be used for creation and storage of
PCMICW, fish credit water, and WQCW. Hereafter, to
simplify the text, reduction of these reservoir pass-
throughs will be implicitly included within the discus-
sion of reduction of Floriston ratesrel easesfor creation
and storage of credit waters.

Priorities and constraints further influence the
manner in which the credit waters are created and accu-
mulated. PCMICW and fish credit water have equal
priority for creation and storage, whereas WQCW has
alesser priority. However, the Power Company will
havethefirst right to storefirm PCMICW in Stampede
Reservoir from July 1 through the following December
31 of any year if the volume of firm PCMICW in
Stampede is below the base amount and if it is deter-
mined that a drought situation does not exist. (See the
subsequent section “Forecasts Affecting Operational
Decisions’ for a description of adrought situation.)
Note that for simulations, nonfirm PCMICW will be
first established under the conditions described above.
Firm PCMICW will then be established from nonfirm
PCMICW up to the base amount by simulating a
transfer as described in the subsequent section “ Other
Exchanges and Transfers.” Fish credit water and
WQCW may not be added to storage by reduction of
releases if that storage results in water-quality targets
not being met in the Truckee River at Sparks or
downstream from Derby Dam (reaches 370 and 450,
respectively).

The following is an overview of the conditional
logic upon which storage of PCMICW, fish credit
water, WQCW, and JPFCW by reduction of releases
for Floriston rates is based.

1. Determine credit storage rights. Credit storage
rights are the volume of credit waters that can be
accumulated in appropriate reservoirs based on
appropriate adjustmentsto former diversion
rights or to unused pooled water flowing to

Pyramid Lake (reach 580).

Adjust former diversion rights acquired for
PCMICW as determined in the subblock initial
assignments and computations. Daily credit
storagerightsfor PCMICW are based on acquired
rights (estimated consumptive use portion of
diversion right) not currently needed for Truckee
Meadows water demand as determined in the sub-
block Power Company operations. Credit stor-
age rights are reduced to zero if accumulated
creation for the year exceeds the acquired water
rightsor if releases of PCPOSW or PCMICW are
made to satisfy Truckee Meadows water demand.

Determine credit storage rights of fish credit
water based on pooled water downstream from
Derby Dam (reach 450) that flows to Pyramid

L ake and storage of fish credit and Joint Program
fish credit water from the previous time step.
Credit storage rights for fish credit water are
reduced to zero during fish runs.

Adjustmentsto daily credit storage rights for
WQCW are limited by the accumulated amount
each year. If accumulated WQCW equals or
exceeds the acquired rights, storage rights are
reduced to zero. Further, credit storagerights are
reduced to zero when attainment of water-quality
targets along the Truckee River depends on
releases or instream creation of WQCW or if
water-quality targets cannot be attained.

. Determine maximum reduction of releases for

Floriston rates for each reservoir. The maximum
reduction is based on the difference between

the currently calculated release value and the
required minimum release for each appropriate
reservoir. Required minimum releases, or
“release floors,” are of two types. overall and
category. “Overall release floors” are based on
releases that do not require specific category
releases, such as releases for minimum-flow tar-
gets or releases for required spills or precaution-
ary drawdowns. “ Category release floors™ are
based on specific categories that are involved

in higher-priority operations and exchanges than
those currently considered, such as the Tahoe-
Prosser Exchange, as discussed in the section
“Tahoe—Prosser Exchange” under “ Current
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Operational Exchanges.”

The alowable reduction in release is determined
for the following reservoirs and water categories.

« Lake Tahoe—pooled water.

» Donner Lake—not applicable (no credit
waters are created in this reservoir by the
operations model).

» Martis Creek Lake—not applicable (current
version of operations model does not simu-
|ate creation of credit watersin thisreservoir,
although draft TROA specifies creation of
fish credit water during flood-control opera-
tions).

* Prosser Creek Reservoir—Tahoe-Prosser
Exchange water and natural water.

* Independence Lake—not applicable (no
credit waters created in this reservoir by the
operations model).

« Stampede Reservoir—natura water.

» Boca Reservoir—adverse-to-canal, non-
adverse-to-canal, and natural waters.

3. Determine preliminary volume of credit water

that can be created by reduced reservoir releases.
Total credit storage rights (PCMICW storage
rights plus fish credit water storage rights plus
WQCW storage rights from item 1 above) are
compared with total allowable reduction of reser-
voir releases (item 2) from all appropriate reser-
voirslisted above. The minimum valueis
considered as a preliminary measure of the total
volume of credit water that can be created in all
appropriate reservoirs.

. Determine maximum amount of credit watersthat

can be created while accounting for water-quality
flow targets at Sparks and downstream from
Derby Dam. The flow targets are currently set

to 300 ft3/s and 135 ft%/s, respectively, during

June—September and 50 ft3/s at both sites for the
remainder of theyear. Thiscomputation involves
computing the difference between simulated flow
at Sparks and below Derby Dam at the beginning
of the time step and the value of the respective
water-quality targets. This computation ensures
that the creation of fish credit water and WQCW

will not reduce simulated flows below water-
quality targets.

. Determine the volumes for PCMICW, WQCW,

and fish credit water that can be created and
stored using the maximum amount of credit water
that can be created (item 4). This determination
imposes a complex set of constraints and limita-
tionsfor the credit waters, including prioritiesfor
creation, storage, and adherence to water-quality
targets. As previoudly discussed, PCMICW and
fish credit water typically have equal priority of
creation and storage, whereas WQCW has a
lesser priority. However, firm PCIMICW may
have the highest priority for credit storagein
Stampede Reservoir between July 1 and Decem-
ber 1if the storage of firm PCIMICW isbelow its
base amount and if there is no drought situation.
Additionally, creation of fish credit water and
WQCW must not result in the failure to achieve
water-quality targets. Creation of PCMICW,
however, is not limited by this constraint.

For simulations, the creation and storage of each
type of credit water is based on a comparison of
the overall maximum volume available for credit
water creation (item 4) and the total daily credit
storage right determined for each type of credit
water (item 1). The outcomes of the comparisons
determine the volume of each type of credit water
that can be created for all appropriate reservoirs.
The reservoir for which each credit water is cre-
ated is determined after this step. The outcomes
of the comparisons are outlined in detail below.

* If the maximum volume available for credit
water creation equals or exceeds the total
storage right of all credit waters considered,
then the creation of each type of credit water
will correspond to the daily credit storage
right for that type of water determined in
item 1 above.

* If the maximum volume available for credit
water creation is less than the total storage
right of all credit waters considered, then two
outcomes are possible.

If the maximum volume available for credit
water creation is less than the total storage
right of PCMICW, fish credit water, and
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WQCW, but exceeds the storage right of
PCMICW plus fish credit water, then cre-
ation of PCMICW and fish credit waters will
correspond to the daily credit storage rights
for those waters as determined in item 1
above. Because of its lesser priority for cre-
ation and storage, creation of WQCW wiill
be restricted to the difference between maxi-
mum volume available for credit water cre-
ation and the storage right of PCMICW plus
fish credit water just determined.

If the maximum volume available for credit
water creation islessthan the storage right of
PCMICW plusfish credit water, then
WQCW cannot be created because of its
lower priority for creation. Because
PCMICW and fish credit waters have an
equal priority for creation, the model com-
putes a proportional coefficient relating max-
imum volume available for credit water
creation to the storage right of PCMICW plus
fishcredit water. The proportional coefficient
isapplied only tothedaily credit storageright
for fish credit water. The coefficient is not
used for the creation of PCMICW because
the creation of this water category is not
restricted by the attainment and mainte-
nance of water-quality targets. Therefore,
PCMICW is computed simply as the differ-
ence between thetotal volume of credit water
creation unrestricted by water-quality targets
(item 3 above) and the volume of fish credit
water to be created.

6. Determinethetotal reduction in releases for Flo-

riston rates corresponding to the volume of credit
waters to be created and accumulated in reser-
voirs. Thetotal reduction of releasesfor Floriston
rates is ssimply the summation of the volumes of
credit water creation determined initem 5 and
corresponds to the maximum volume of credit
water that can be created while accounting for
water-quality flow targets described in item 4.
The subblock credit storage uses the total reduc-
tioninreleasesfor Floriston ratesto appropriately
adjust reservoir releases to retain pooled and nat-
ural watersfor transfer to credit waters.

The adjustment of releases from each reservoir

and the volume of retained pooled and natural
water to be converted to PCMICW, fish credit
water, and WQCW ineachreservoirisoutlinedin
item 7.

. Prioritize the reservoirs and stored water catego-

ries used for credit water creation and storage.
Thefollowing list describes the order of reser-
voirs for the simulation of reducing releases for
Floriston rates and converting the category of the
retained water to credit waters. The list is based
on the rank-order list of reducing releases when
Floriston rates are exceeded, as described in the
section “Floriston Rates.”

» Lake Tahoe pooled water if the dateis
between April 1 and October 31 and if the
water surface elevation is greater than
6,225.5 ft.

» Prosser Creek Reservoir Tahoe—Prosser
Exchangewater if the dateis between April 1
and September 3 and if storage isless than
19,000 acre-ft (desired recreation volume
threshold).

* Boca Reservoir non-adverse-to-canal water.
+ Boca Reservoir adverse-to-cana water.

» Prosser Creek Reservoir Tahoe—Prosser
Exchangewater if the dateis between April 1
and September 3 and if storageisgreater than
19,000 acre-ft or if the date is between Sep-
tember 4 and March 31.

» Lake Tahoe pooled water if the dateis
between April 1 and October 31 and if the
water surface is between 6,223.0 ft (outlet
rim) and 6,225.5 ft or if the date is between
November 1 and March 31.

e Stampede Reservoir natural water.
* Boca Reservoir natural water.
e Prosser Creek Reservoir natural water.

. Determine the reduction of releases for each

appropriate reservoir. For each reservoir listed
aboveinitem 7, thetotal reduction in releasesfor
Floriston rates determined in item 6 is compared
to the maximum reduction in releasesfor that res-
ervoir (item 2). The minimum value of the com-
parisonisthen used to reduce the release for each
reservoir.
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9. Determine the volume of retained water to be
transferred to each type of credit water at each
reservoir. The total reduction in releases for Flo-
riston rates (item 6) represents the volume of
releases to be reduced and subsequently credit
stored. It will be used to govern credit water cre-
ation in each reservair.

If the maximum reduction in release for Floriston
rates at agiven reservoir (determined in item 2)
equals or exceeds the total reduction in releases
for Floriston rates for all appropriate reservoirs
(item 6), then the volume of retained water used
for transfer to each type of credit water corre-
sponds to the volume that can be created and
accumulated of that type of credit water for all
appropriate reservoirs, as described in item 5.

If the maximum reduction in release for Floriston
rates at a given reservoir is less than the total
reduction in releases for Floriston rates for all
appropriate reservoirs, then the volume of
retained water transferred to each type of credit
water is proportionally reduced from the volume
of each type of credit water that can be created
and accumulated for all appropriate reservairs.

10. Transfer retained water to appropriate credit

water categories as determined in item 9.

11. Decrement the total reduction in releases for Flo-

riston rates corresponding to the volume of credit
waters to be created and accumulated in reser-
voirs (item 6) according to the volume of retained
water to be transferred to credit waters (item 8).

Decrement the volume of each type of credit
water that is available for creation (item 5)
according to the volume of retained water trans-
ferred to each type of credit water (item 9).

12. Determine the creation of Joint Program fish
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credit water (JPFCW), which is based on the
unused portion of California s surface-water allo-
cation each year (see discussion in the section
“CaliforniaMunicipal and Industrial Credit
Water.”) If California does not use the direct
diversion rights of its surface-water allocation or
credit store the unused portion of that direct
diversion right, then the unused annual allocation
amount is available for creation of JPFCW.

JPFCW is created concurrently with fish credit
water. Half of the created fish credit water is
transferred to JPFCW.

Creation of Power Company emergency drought
supply (PCEDS) is discussed in the section
“Other Exchanges and Transfers,” and is smu-
lated in the subblock TROA mandatory
exchanges.

13. Accumulate credit waters asthey are created and
stored each calendar year. The PCMICW and
WQCW accumulated each year will be compared
with credit storage rights on the following day
(item 1).

In addition to the creation of credit waters by
reduction of releases for Floriston rates, WQCW may
be created during periods when cui-ui flow targets are
in effect (fish runs) (see section “Pyramid Lake Fish”).
Thisis accomplished by converting retained fish and
fish credit waters already in storage to WQCW in
exchange for unused pooled water flowing to Pyramid
Lake during afish run. The unused pooled water flow-
ing past upstream diversionsto Pyramid Lake used for
this exchange results from reduced consumptive use
associated with former agricultural water rights
acquired in accordance with the provisions of WQSA.
This unused pooled water augments, in effect, fish
water and fish credit water releases during afish run.

Thefollowing list is an overview of the condi-
tional logic upon which the storage of WQCW by
retention of fish and fish credit watersduring afish run
is based.

1. Determine credit storage rights of WQCW.
Adjust former diversion rights acquired for
WOQCW as determined in the subblock initial
assignments and computations. Daily credit
storage rights exist if (1) WQCW volume estab-
lished for the current year isless than the con-
sumptive use portion of former agricultural rights
acquired, (2) thesimulation period iswithin afish
run of fish regime 1 (see section “Pyramid Lake
Fish™), and (3) unused pooled water correspond-
ing to the consumptive use portion of daily water
rights acquired by WQSA isflowing to Pyramid
Lake (reach 580). If any of these conditionsisnot
true, WQCW will not be accumulated. Note that
during fish runs, the daily water rights acquired
by WQSA will flow past diversions, including the
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Truckee Canal, to Pyramid Lake. Additional
adjustments limit the accumulation of WQCW.

* WQCW will not be accumulated when attain-
ment of water-quality targets along the Truc-
kee River depends on current releases or
instream creation of WQCW.

* WQCW accumulation will be limited to the
consumptive use portion of acquired water
rights flowing to Pyramid Lake.

* WQCW accumulation will be further limited
to the cui-ui flow targets determined for fish
regime 1.

2. Prioritize the reservoirs and stored water catego-

riesused for creation of WQCW during afish run.
Thefollowing list isthe order in which reservoirs
and water categories are evaluated for storage of
WQCW and is loosely based on the priority list
of reservoir releases for fish runs (see section
“Pyramid Lake Fish").

» Stampede Reservoir—fish credit water.

* Prosser Creek Reservoir—fish credit water.
» Boca Reservoir—fish credit water.

» Lake Tahoe—fish credit water.

» Stampede Reservoir—fish water.

* Prosser Creek Reservoir—uncommitted
water.

» Boca Reservoir—fish water.

. Determinethe volume of WQCW to becreatedin
each reservoir that potentially can releasefish and
fish credit water for cui-ui flow targets. However,
agiven reservoir cannot credit storeif itisreleas-
ing for flood control as mandated by flood-con-
trol criteria(see previous section, “ Flood-Control
Criteria’).

If the reservoir is alowed to credit store, the vol-
ume of credit storageis computed on the basis of
the daily credit storage right (item 1 above) and
the volume of water from appropriate water cate-
gories that could potentially be released for the
fish run. The potential release of that water cate-
gory islimited by the volume availablein storage
and the hydraulic constraints of the outlet.

Transfer that volume of retained fish or fish credit
water to WQCW in accordance with item 3.

Decrement the daily credit storage right, deter-
mined initem 1, by the volume of fish and fish
credit water transferred to WQCW.

Add the newly created credit water to the annual
accumulated WQCW. The annual accumulated
WQCW will be compared with credit storage
rights on the following day (item 1).

Several assumptionswere madein devel oping the

code to simulate the creation, accumulation, and stor-
age of all kinds of credit waters. Some of the more
notabl e assumptions follow.

Credit waters can only be created during theirri-
gation season if their creation is based on former
diversionrightsspecifiedinthe Orr Ditch Decree.
This assumption is specific to PCMICW and
WQCW. The volume of these waters created in
any given month within theirrigation season may
not exceed 25 percent of their annual water right.

PCMICW accumulation is simulated as nonfirm
PCMICW from which firm PCMICW will |ater
be created by transfer in accordance to the base
amount required for firm PCMICW (see subse-
quent section, “ Other Exchanges and Transfers”).

Simulations of credit water creation and storage
do not attempt to combine reductions of releases
from more than one reservoir concurrently to
optimize other objectives. However, elsewherein
the model code, water categories and releases are
exchanged between reservoirs to satisfy other
objectives.

Credit water creation and storage are not simu-
lated for Martis Creek, Donner, and Indepen-
dence Lakes.

The priority order of reservoirs for reducing
releases for Floriston rates and subsequent cre-
ation of credit watersis based on priorities for
reducing releases when Floriston rates are
exceeded. The priority list may be rearranged by
the model user.

The priority order of reservoirs for creation and
storage of WQCW during fish runsis assumed
and is loosely based on the priority list of reser-
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voir releasesfor fish runs. The priority list may be
rearranged by the model user.

» Reservoir releases of fish or fish credit water dur-
ing afish run are not required for creation of
WQCW during afish run. The only requirement
is to demonstrate that reservoirs would have had
to release fish or fish credit water if pooled water
did not augment flow to Pyramid Lake.

Reservoir Releases to Meet Downstream Demands

Under draft TROA, reservoir releases and diver-
sions to satisfy demands may differ from those speci-
fied under current operations. These differences may
be as simple as updated specifications for release pro-
cedures to maintain Floriston rates. However, most of
the changes will be more extensive. First, additional
proposed demands (CaliforniaM &I, water-quality
targets, and local M& | water use from Lake Tahoe
and Donner and Independence Lakes) will need to be
simulated under draft TROA conditions. Second, in
addition to the current categories used to satisfy current
demands, TROA will provide categories that could be
used to meet both current demands (for example,
PCMICW for Power Company Operations demands
and fish credit water for Pyramid Lake fish demands)
and new demands under draft TROA (for example,
CMICW for CaliforniaM &1 demands and WQCW for
water quality demands). Also, reservoir rel eases to sat-
isfy these demands, along with storage or exchange of
credit waters, can be managed to achieve multiple
objectives under draft TROA. These demands are
described further in the sections that follow.

In addition to describing proposed release proce-
dures for maintenance of Floriston rates, four types
of credit waters used in these rel eases are discussed in
this section: (1) Power Company M&| credit water,
(2) fish credit water, (3) CaliforniaM& | credit water,
and (4) water-quality credit water. A separate reservoir
demand specified in the draft TROA isdiversion of
water from Lake Tahoe, and Donner and Independence
Lakesfor M&I usein California. Operations to satisfy
demands for JPFCW are described in the sections deal -
ing with mandatory and voluntary exchanges.

Floriston Rates

Release procedures for maintaining Floriston
rates will be modified for Tahoe—Prosser Exchange
water (TPEW) under draft TROA. TPEW will continue
to be released to maintain Floriston rates, but in accor-

dance with new rules linked to volumes and water-sur-
face elevations of Prosser Creek Reservoir, Boca
Reservoir, and Lake Tahoe. TPEW released to main-
tain Floriston rates will not produce flows at Farad,
exclusive of al categories except natural water and
pooled water (including TPEW), in excess of Floriston
rates unless additional releases of TPEW from Prosser
Creek Reservoir are necessary to assure that active
storage does not exceed the flood-control criteria of
8,640 acre-ft on November 1. Additionally under draft
TROA, TPEW will be released for Floriston rates
according to the following criteria.

1. TPEW will be released from Prosser Creek Res-
ervoir to assure that its storage in that reservoir
shall not be greater than 7,500 acre-ft if (a) Boca
Reservoir storage will belessthan 32,900 acre-ft,
and if (b) Lake Tahoe water-surface elevation
will be lower than 6,227.5 feet on November 1.

2. All TPEW in Prosser Creek Reservoir will be
released beforethe date BocaReservoir storageis
scheduled to be less than 20,000 acre-ft.

3. TPEW will be released from Prosser Creek Res-
ervoir in accordance with flood-control criteriato
assurethat thevolumeof TPEW in storagewill be
no greater than 8,640 acre-ft of active storage on
November 1.

The USGS Truckee River Basin operations
model simulates the maintenance of Floriston rates
using arank-order procedure based on rules described
previoudy for current operations (see section “Floris-
ton Rates” under “ Current Reservoir Operations’) and
additional criteria specified in draft TROA and
described above. As previously discussed, the status of
flow at the Farad gaging station (reach 240) is defined
in reference to Floriston ratesin the subblock initial
assignments and computations. The water categories
natural water flow and pooled water flow (including
releases of TPEW from Prosser Creek Reservoir) are
added and that sum is compared with target Floriston
rates as defined in table 2. The subblock maintenance
of Floriston rates uses the computed deficit or excess
to determine reservoir releases and pass-throughs of
natural water for maintenance of Floriston rates.

The following list describes the order of water
categories and sources used to maintain Floriston rates.
If adeficit is determined, additional reservoir releases
or pass-throughs of natural water will be simulated in
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the order described below. If Floriston rates are
exceeded, then rel easesand pass-throughsof inflow are
reduced in the opposite order. Most of these sources
also are used for the simulation of current operations
and were described previously. Those sources under
draft TROA that differ from current operations are
marked with an asterisk (*).

1. Natural water inflows from unregulated tributary
subbasins (sidewater) and pass-through of natural
water inflow to reservoirsthat is not stored or
evaporated.

2. Pass-through of natural water inflow from Prosser
Creek Reservair.

3. Pass-through of natural water inflow from Stam-
pede Reservoir.

4. Pass-through of natural water inflow from Boca
Reservair.

5. Release of pooled water from Lake Tahoeif, in
addition to maintaining Floriston rates, additional
releases are also needed to maintain minimum-
flow targets just downstream from the lake (see
previous section, “Minimum Instream Flows,”
for adescription of minimum-flow targets under
current operations).

*6. Release of TPEW from Prosser Creek Reservoir
if:

a. The dateisbetween June 1 and November 1,
Boca Reservoir storage volume is less than
32,900 acre-ft, Lake Tahoe water-surface
elevation isless than 6,227.5 ft, and storage
of TPEW in Prosser Creek Reservoir is
greater than 7,500 acre-ft. If the dateis
between June 1 and September 3 (part of the
recreation season), TPEW isreleased from
Prosser Creek Reservoir only if that reser-
voir' swater volume is greater than or equal
to 19,000 acre-ft (recreation volume thresh-
old). After September 3, this constraint is
not simulated. June 1 is used as the start
date for this release because it is assumed
that there will be ampletime between June 1
and November 1 to release TPEW to assure
that its storage in Prosser Creek Reservoir
will be no greater than 7,500 acre-ft by
November 1 if the other criteria apply.

b. At any time the Boca Reservoir storageis
less than 20,000 acre-ft.

c. The date is between September 4 and
November 1 and TPEW in storagein
Prosser Creek Reservoir is greater than
8,640 acre-ft.

7. Release of pooled water from Lake Tahoe if:

a. The date is between April 1 and October 31
and if thewater surface elevation is between
6,223.0 (outlet rim) and 6,225.5 ft.

b. The date is between November 1 and
March 31.

8. Release of Tahoe-Prosser Exchange water from
Prosser Creek Reservair if:

a. The date is between April 1 and September
3 (recreation season) and if total reservoir
water volume is greater than or equal to
19,000 acre-ft (recreation volume thresh-
old), or

b. The date is between September 4 and
March 31.

9. Release of adverse-to-cana water from Boca
Reservoir.

10. Release of non-adverse-to-canal water from Boca
Reservoir.

11. Release of Tahoe—Prosser Exchange water from
Prosser Creek Reservoir if the date is between
April 1 and September 3 and if total reservoir
water volume is less than 19,000 acre-ft.

12. Release of pooled water from Lake Tahoe if the
dateisbetween April 1 and October 31 and if the
water surface elevation is greater than 6,225.5 ft.

The following assumptions are used in the model
code devel opment for simulation of maintenance of
Floriston rates under draft TROA, in addition to those
assumptions listed in the discussion of Floriston rates
in the section “ Current Reservoir Operations.”

» Reservoir releases and pass-throughs are not
“scheduled” in advance for smoothing of reser-
voir releases over weekly/monthly periods. Meth-
ods to schedule reservoir operations in the
TruckeeRiver Basin areundocumented. Releases
and pass-throughs for maintenance of Floriston
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rates are determined on adaily basis contingent
upon the criteria specified above.

e TPEW isstored only in Prosser Creek Reservoir
for simulations. In actual operations under draft
TROA, it may occasionally be exchanged to
another reservair.

Power Company Municipal and Industrial Credit Water

Under draft TROA, the Power Company will
have the right to store and release PCMICW in all
Truckee River Basin reservoirs. Thiswill provide addi-
tional watersto satisfy Power Company M& | demands
and increase the M& | drought supply. Draft TROA
does not state that Boca pondage will be available for
storage of PCPOSW.

The USGS Truckee River Basin operations
model simulates proposed operations of Power Com-
pany M&| credit water as follows. PCMICW catego-
ries may be used in addition to the current water
categoriesfor releasesto satisfy M& | demands. As pre-
viously described under current operations, the model
simulates Power Company operations M& | demands
and thelocation of M& | diversions. Logicinthe Power
Company operations subblock is then used to deter-
mine (1) PCPOSW supplies available from reservoir
storage or other Orr Ditch Decreerights, and (2) M&|
diversion demands. The simulation of releasesto meet
M& | demands under draft TROA using PCMICW is
similar to the simulation of PCPOSW releases as dis-
cussed in the section “ Privately Owned Stored Water.”
Thelogic for the draft TROA and current operationsis
the same except that the allowable M& | reservoir
rel eases of firm and nonfirm PCMICW for draft TROA
are based on (1) drought situation, as defined in the sec-
tion “Drought Situations,” and (2) PCPOSW stored in
Donner and Independence Lakes. The re-regulation of
Power Company water within Boca Reservoir is dis-
cussed later in this section.

The following sources are used to satisfy Power
Company M& | demands under draft TROA. Most are
also used in current operations and were described in
the section “ Privately Owned Stored Water.” Those
sources under draft TROA that differ from current
sources are marked with an asterisk (*). Current
sources previously presented are listed here again for
reader convenience.

1. First 40 ft3/s of Truckee River and first 13.6 ft3/s
of Hunter Creek streamflow per Truckee River
Agreement.

2. Available Orr Ditch Decree (United Sates of
Americav. Orr Ditch Water Company, Equity No.
A-3 (D. Nev. 1944)) agricultural rights converted
to M&| rights flowing in the Truckee River.

3. Release of PCPOSW from Boca Reservoir.

4. Release of PCPOSW from Donner Lake if the
dateis between April 1 and August 31 and if the
water surface elevation is above 5,932.0 ft recre-
ational pool per Donner Lake Indenture (see sec-
tion “Maintenance of Recreational Pools”).

5. Release of PCPOSW from Donner Lake if the
date is between September 1 and March 31.

*6. During adrought situation (defined later in the
section “ Drought Situations,” under the section
“Forecasts Affecting Operational Decisions”),
the following reservoir releases are used in the
order shown below:

a. Nonfirm PCMICW in Lake Tahoe.

b. Nonfirm PCMICW in Prosser Creek
Reservoir.

c. Nonfirm PCMICW in Boca Reservoir.

Thefollowing list shows the order of the sources
used in the model to re-regulate Power Company
waters by storing them in Boca Reservoir under draft
TROA operations. Some of these sources also are used
in simulation of current operations and were described
in the section “Privately Owned Stored Water.” Those
sources under draft TROA that differ from current
sources are marked with an asterisk (*). Regardless of
whether or not adrought situation exists, sources 1 and
2 areavailable.

1. PCPOSW in Stampede Reservair.

2. PCPOSW inIndependence Lakeif lake storageis
above 7,500 acre-ft.

*3. PCPOSW inIndependence Lakeif lake storageis
above 7,500 acre-ft if under drought situation as
defined in the section “Drought Situation.”

*4. Nonfirm PCMICW in Stampede Reservoir if
under drought situation.
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*5. Firm PCMICW in Stampede Reservair if under
drought situation.

*6. Remainder of PCPOSW in Independence Lake
above outlet (6,921.0 ft) if under drought situa-
tion.

*7. 7,500 acre-ft of PCEDS credit water in Stampede
Reservoir if under drought situation.

Several assumptionswere used inthe model code
development for simulation of releases of PCMICW
that are different from current operations.

» Under draft TROA, the order of water categories
allows for the pumping of 5,000 acre-ft of water
in Independence L ake below the outlet elevation
of 6,921.0 ft prior to using the 7,500 acre-ft of
PCEDS water in Stampede Reservoir. This sce-
nario is not simulated by the operations model
due to model limitations.

» Asdescribed in procedures in draft TROA, and
subject to compliance with the National Environ-
mental Policy Act, the California Environmental
Quality Act, and administrative/regulatory
review, the order of water categories used by the
Power Company allows for the pumping of Lake
Tahoe below the natural rim after using the 7,500
acre-ft of PCEDS in Stampede Reservoir. This
scenario, aso, is not simulated by the operations
model due to model limitations.

Fish Credit Water

In addition to releases of fish water and uncom-
mitted water, some of the demands for Pyramid Lake
fish will be met by the release of fish credit waters
under draft TROA operations.

The USGS Truckee River Basin operations
model simulates release of fish credit water in the sub-
block Pyramid Lake fish operations as follows. Fish
credit water may be used in addition to current water
categories for releases to satisfy fish demands and for
storageto satisfy Boca pressurewater storage. Aspre-
viously described under current conditions, determina-
tion of releases needed to satisfy the needs of Pyramid
L ake fish requiresthe model to compute the amount of
water available for fish operations, the flow regime,
and cui-ui flow targets. Additionally, the model deter-
minesthe need for BocaReservoir storage of fish water
or fish credit water according to Boca pressure water.

Thelogic for draft TROA and current operations
to satisfy Pyramid Lake fish demandsis the same
except for the release of fish credit water. Thelist
below shows the sources of reservoir releases used in
the model under draft TROA. Most of these sources
also are used in current operations and were described
in the section “Pyramid Lake Fish.” Those sources
under draft TROA that differ from current sources are
marked with an asterisk (*). Current sources are listed
again herefor reader convenience. Theterm prescribed
threshold volume refersto reservoir volumes speci-
fied to constrain selected reservoir operations for the
purposes of maintaining the security of water catego-
ries. Theterm preferred flow targetsis described in
the section “ Preferred Instream Flows.”

*1. Fishcredit water in Lake Tahoe, if storageis
above the L ake Tahoe prescribed threshold vol-
ume. Use Tahoe releases up to preferred flow tar-
get.

*2. Fish credit water in Boca Reservair, if storageis
above the Boca Reservoir prescribed threshold
volume.

*3. Fish credit water in Prosser Creek Reservoir, if
storage is above the Prosser Creek Reservoir pre-
scribed threshold volume. Use Prosser Creek
Reservoir releases up to preferred flow target.

*4. Remaining fish credit water in Lake Tahoe.
*5. Remaining fish credit water in Boca Reservoir.

*6. Remaining fish credit water in Prosser Creek Res-
ervoir.

7. Fish water in Boca Reservoir (from Stampede
Reservoir).

8. Uncommitted water in Prosser Creek Reservoir.

The following two sources of Stampede Reser-
voir releases are used in the model to satisfy Boca
pressure storage in draft TROA simulations. Source 2
also isused for current operations and described in the
section “Pyramid Lake Fish.” The source marked with
an asterisk (*) is different from current sources.

*1. Fish credit water in Stampede Reservair.

2. Fish water in Stampede Reservoir.
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California Municipal and Industrial Credit Water

Currently, there are no operationsimplemented to
satisfy CaliforniaM& | demands. Under draft TROA
operations, CMICW will be used to meet California
M& | demands. Current CaliforniaM& | demands are
not published, but are expected to increase as popula-
tion growth continuesin the Truckee, Calif. area. Most
of CaliforniaM& | credit water will be diverted at Truc-
kee. Asspecifiedindraft TROA, for Californiato make
direct diversions, flow at Truckee River at Farad must
be greater than the rights senior to the CMICW. These
rights are the sum of claims 1 and 2 of the Orr Ditch
Decree (United Sates of America v. Orr Ditch Water
Company, Equity No. A-3 (D. Nev. 1944)) plus 40 ft%/s.
The Truckee River Agreement of 1935 specifies that
the Power Company shall have the right to the first 40
ft3/s of pooled water in the Truckee River at Farad.

The USGS Truckee River Basin operations
model simulates releases of CaliforniaM&| credit
water asfollows. To simulate releases for California
M& | operations from the Truckee River, (1) initial
numerical assignments and computations are made,
and (2) releases to meet CaliforniaM& | demands
are determined.

CadliforniaM& | demands are specified on the
subblock initial assignmentsand computations. These
demands require the user to specify:

* Growth rates for Cdifornia Mé& | surface-water
and ground-water use,

» Growth rate for California agriculture surface
water,

» Consumptive use factorsfor water used to satisfy
Californiaagricultural and M& | demands,

* Decimal fraction of current annual California sur-
face-water M& | usagethat will be heldin storage,

¢ Cdiforniaannual surface-water allocation and
total allocation, and

» Baseyear levelsfor CaliforniaM&| surface-
water and ground-water diversions and agricul-
tural surface-water use.

Other assignments in this subblock include the
following.

« A tolerance of 0.1 ft¥/sis assi gned to determine
when CMICW releases are necessary. If releases
for CMICW arewithin 0.1 ft3/s of the demand, no

additional releases are made. Thistolerance may
be modified by the user.

» Thetotal flow of rights senior to the CMICW is
calculated as the sum of Indian Ditch diversion
plus the Power Company right of 40 ft3/s.

After initial numerical assignments and computa-
tions are made, releases to meet CaliforniaM & |
demands are determined in the subblock California
M&I demands. First, the natural water flow at Truc-
kee, Calif. (reach 150) isdetermined. Second, the status
of river flow at this site is compared to the California
M& | demands. If theriver flow islessthan thedemand,
then the deficit is determined as that additional flow of
water needed to achieve the CaliforniaM& | demands.
Likewise, if theriver flow ismore than the demand, the
excessisdetermined. M& | credit water, if available, is
released from Lake Tahoe if ademand is not achieved.
No actionistaken if streamflow isin excess of Califor-
niaMé&I| demand.

Several assumptions were used in this subblock.

« No CMICW is stored in reservoirs other than
L ake Tahoe because the M& | intakes are located
at Truckee, Calif. as described in the section
“CaliforniaM&I Credit Water” under “ Storage
of Proposed Water Categories.”

» Daily surface-water diversions equal the sum of
agricultural and M& | diversionsduring irrigation
season. Outside of the irrigation season, when
irrigation demands are zero, the daily diversion
equalsthe M&I diversion.

» Because the exact value for current California
M& | demandsare not published, thedefault M& |
demand used in the model should be considered
an estimate.

e Claims1 and 2 of the Orr Ditch Decree are
assumed in the mode! to be the simulated diver-
sion for Indian Ditch as described in the section
“Lower TruckeeRiver Diversions,” based on cur-
rent operation practices. Thissimulated diversion
isbased on 1991 converted water rightsdefinedin
aFWM table“ Truckee Meadows Priorities’ (Jeff
Boyer, U.S. District Court Water Master, written
commun., 1994). Also, Indian Ditch diversions
are only simulated during the irrigation season.
Claims 1 and 2, as defined in the Orr Ditch
Decree, are more than this simulated diversion.
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Diversion of Water in Lake Tahoe and
Donner and Independence Lakes for
Municipal and Industrial Use in California

This section addresses operations that divert
watersdirectly from Lake Tahoe and | ndependence and
Donner Lakes. These diversions differ from those
diversions described in the sections “Truckee M ead-
ows Diversions,” “Privately Owned Stored Water,”
“Power Company M&| Credit Water,” and “ Caifornia
M& | Credit Water.” Under draft TROA, the combined
maximum interstate allocations for the Lake Tahoe
Basin total 34,000 acre-ft, of which 11,000 acre-ftisfor
Nevada users and 23,000 acre-ft isfor usein Califor-
nia. This allocation can be derived from ground-water
or surface-water sources. The alocation is principally
for M&1 use, but also can be used for snowmaking. For
Donner Lake, the maximum annual allotment specified
inthedraft TROA for M& | water useis 990 acre-ft, and
for Independence Lake it is 50 acre-ft. General guide-
lines for monthly M&| diversions from Donner and
Independence L akeswere obtained (Richard D. M oser,
Sierra Pacific Power Company, ora commun., 1997).
For 1994, annual diversions from Lake Tahoe for
Californiawere about 16,900 acre-ft (John Sarna, Cal-
ifornia Department of Natural Resources, written
commun., 1998) and for Nevada were about 10,000
acre-ft (Thomas R. Scott, Bureau of Reclamation,
oral commun., 1998).

Thefollowing discussion describes how the oper-
ations model simulates diversions from Lake Tahoe
and Donner and Independence Lakesfor M&| use.
First, both the maximum and annual M&| usein acre-
feet is specified for all threelakesin theinitial numer-
ical assignments and computations subblock. For
Lake Tahoe and Donner and Independence L akes, the
maximum annual allotment specified for M& | water
use is 26,900 acre-ft (John Sarna, California Depart-
ment of Natural Resources, written commun., 1998),
990 acre-ft, and 50 acre-ft, respectively, and the current
annual usageis 26,900, 495, and 0 acre-ft, respectively.
The volumes may be changed by the user. After these
initial assignments, diversions are determined in the
code in the subblock California M&| demands using
the following logic.

» Lake Tahoe and Donner Lake—Because resi-
dents use water from Lake Tahoe and Donner
Lake year-round, it was assumed that M& | uses
takes place from January 1 to December 31.
Observed values for M& 1 usein the Truckee

Meadows (Richard D. Moser, SierraPacific
Power Company, oral commun. 1995), were used
to determine amonthly distribution (expressed as
a percentage of annual use). This monthly per-
centage distribution was multiplied times the
annual alotment to compute, a constant daily
M& I diversion for each month for Lake Tahoe
and Donner Lake.

* Independence Lake—Themodel defaultisthat no
water be ssmulated for diversion from Indepen-
dence Lake. If changed by the user, M& I diver-
sions from the lake will take place during the
summer, between June 1 and August 30. The
annual M& | use would be simulated by dividing
the specified annual allotment over the 3-month
period.

» The operation model is designed to divert pooled
water from Lake Tahoe and natural water from
Donner and Independence Lakes for M& | water
usein California.

Water-Quality Targets and
Related Instream Flow Transfers

Releases and instream flow transfers can be
made in accordance with the WQSA to achieve target
instream flows in the Truckee River from Reno to Pyr-
amid Lake. The objective of these water-quality targets
is to provide streamflows adequate to resolve some of
the water quality problemsin the Truckee River in
Nevada and, simultaneoudly, to improve fish and wild-
life habitat along the Truckee River.

Water-quality flow targets have been specified
for Truckee River at Sparks and Truckee River below
Derby Dam. The flow targets are currently set to
300 ft3/s and 135 ft3/s, respectively, during June-Sep-
tember, and 50 ft%/s at both sites for the remainder of
the year (Chester Buchanan, U.S. Fish and Wildlife
Service, oral commun, 1999). Releases to augment
other water categoriesin the river to meet the water-
quality targets are made using WQCW created as
described in the previous section “ Storage of Proposed
Water Categories.” It is anticipated that most WQCW
will becreatedin Lake Tahoe and Stampede, Boca, and
Prosser Creek Reservoirs. Releases of WQCW from
these reservoirs will be used to satisfy flow targets at
Sparks and below Derby Dam. It is anticipated that
Bocawill be used for temporary storage of WQCW for
quick releaseto the mainstem Truckee River, similar to
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current operations for Boca pressure water conditions.
The schedule and amount of WQCW that would be
temporarily stored in Boca are not currently specified.
The USGS Truckee River Basin operations
model simulates releases for water-quality targets as
follows. All WQCW releases and flow transfers may
beturned off or on at the option of the user. Simulation
of releases to meet water-quality target requires that
(D) initial numerical assignments and computations are
made, (2) reservoir releases to meet water-quality tar-
gets are determined, and (3) Stampede Reservoir
WQCW releases to Boca Reservoir be determined.
First, water-quality flow targets at Sparks (reach
380) and below Derby Dam (reach 460) are specified
each month in the initial assignments and computa-
tions subblock. These targets may be changed by the
user. Water rightsin the Orr Ditch Decree, including
the Truckee Division of the Newlands Project, that
have been acquired for uses specified in WQSA are
specified in this subblock. These acquired water rights
may be modified by the user. Additionally, atolerance
of 0.1 ft¥/s s assigned to determine when WQCW
rel eases are necessary. If releases of WQCW bring the
total streamflow at Sparks and below Derby Dam to
within 0.1 ft%/s of targets, no additional releases are
made. This tolerance may be modified by the user.
After initial numerical assignmentsare made, res-
ervoir releases to meet water-quality targets are deter-
mined in the subblock water-quality credit water
operations. Thefirst step isto determinethetotal river
flow simulated at Sparks and below Derby Dam. The
streamflow at these sitesis compared to the specified
water-quality flow targets. If theriver flows are less
than atarget, the deficit isdetermined asthat additional
flow of water needed to achieve water-quality targets.
Likewise, if thesimulated river flows at these locations
are morethanthetargets, an excessisdetermined, upon
which reductions in rel eases of WQCW are based.
The following reservoir sources of WQCW are
used in the model to achieve water-quality targets.

1. Lake Tahoe, if the volumeis greater than the
lake' s prescribed threshold volume.

2. Prosser Creek Reservoir, if the volumeis greater
than the reservoir’ s prescribed threshold volume.

3. BocaReservair, if the volume is greater than the
reservoir’'s prescribed threshold volume.

4. Prosser Creek Reservoir, if the volumeis greater
than the reservoir’ s recreational level. The recre-

ational level is described in the section “Mainte-
nance of Recreational Pools.”

5. Remainder of WQCW from Lake Tahoe.

6. Remainder of WQCW from Prosser Creek
Reservoir.

7. Remainder of WQCW from Boca Reservair.

The subblock water-quality credit water opera-
tions usesthe deficit and excess values determined pre-
vioudly to appropriately adjust releases every third day.
If the water-quality targets cannot be met by existing
surface-water supplies and by reservoir releases from
the previous time interval, then additiona rel eases of
stored WQCW must be made from Truckee River
Basinreservoirsintheorder specified above. Likewise,
if existing water-quality targets are exceeded, then res-
ervoir releases are reduced accordingly in the opposite
order specified above.

Next, the model determines Stampede Reservoir
WQCW releases to Boca Reservoir. The objective of
these releasesis to provide ample supply of WQCW to
Boca Reservoir for releases directly to the Truckee
River to satisfy water-quality targets. The storage of
WQCW in Bocais compared to the total volume of
WQCW reservoir releases for that day. If the WQCW
storagein Bocaislessthan thetotal volume of WQCW
reservoir releases, then WQCW from Stampedeis
delivered to Bocato meet WQCW releases from Boca
for the next day.

Thefollowing assumptions were used in this sub-
block.

» Storage of WQCW is not simulated for Donner
and Independence Lakes.

» Water-quality targets may be met by flows pro-
vided for other uses. For example, if water to
meet Floriston rates demand satisfies water-qual -
ity targets, then no additional release of WQCW
from reservoirs is necessary.

» Thelocations and magnitudes of water-quality
targets have changed since the signing of WQSA
and are subject to revision based on further nego-
tiations with interested parties.

Similar to the rel ease of WQCW from reservoir
storageto achieve and maintain water-quality targetsin
the Truckee River, WQCW may be created asinstream
flow to al so achieve and maintain water-quality targets.
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This method involves the instream flow transfer of
that part of pooled water obligated to Orr Ditch Decree
rights acquired by WQSA to WQCW. Instream flow
transfersare limited to thosetimeswhen Truckee River
flows are less than specified water-quality targets.
Instream creation of WQCW is ariver operation that
involves creation of that category as flow within the
river, rather than as storage within areservoir.

The following discussion describes the simula-
tion of instream flow transfersto create WQCW. Sim-
ilar to the creation of credit water as storagein
reservoirs, theinitial assignments and computations
subblock determines the volume of Orr Ditch Decree
rights acquired for the conversion to WQCW as either
flow or storage. The quantity of WQCW created by
instream flow transfersis then simulated in the sub-
block water-quality credit water operations.

As described in the section “Power Company
M& | Credit Water, Fish Credit Water, Water-Quality
Credit Water, and Joint Program Fish Credit Water,”
the Orr Ditch Decree water rights acquired for the cre-
ation of WQCW are determined in the subblock initial
assignmentsand computations. Similar to thecreation
of WQCW water in storage, the instream transfer of
pooled water to WQCW as flow islimited to the con-
sumptive use portion of former agricultural water
rights or effluent volume originating from Truckee
M eadows ground water and reused for irrigation. How-
ever, unlike creation of WQCW as reservoir storage,
creation of WQCW asflow isstrictly for theimmediate
maintenance of downstream water-quality targets
rather than for future satisfaction of that demand.

Instream transfers of pooled water to WQCW
may be simulated concurrently with reservoir releases
of WQCW in the subblock water-quality credit water
operations. The instream exchanges are simulated
between reach 250 and reach 260, just downstream
from the Farad gaging station and just upstream from
Truckee Meadows M &1 and agricultural diversions
and the California-Nevada State boundary. Addition-
ally, creation of WQCW by instream transfersis
restricted to the period between June and September,
when streamflow is more likely to be less than water-
guality targets. After September, if water-quality tar-
gets cannot be maintained, WQCW will be released
from reservoirsif it is available. The following over-
view describes the conditional logic that simulates cre-
ation of instream WQCW.

1. Determinethe volume available for WQCW cre-
ation which is based on acquired rights deter-
mined in the initial assignments and
computations subblock. If the accumulated cre-
ation of WQCW, as storage and flow, equals or
exceeds the acquired rights, additional credit
water cannot becreated. Additionally, if Floriston
rates cannot be maintained, then the volume of
acquired water rights available for credit water
creation is reduced on the basis of the pooled
water flow available for transfer.

2. Determine the volume of the instream flow
transfer from pooled water to WQCW. Asfor
the release of WQCW described previously, a
deficit or excess is determined, depending on a
comparison of theriver flow at Sparks and bel ow
Derby Dam and the established water-quality
targets. The volume of the transfer is determined
by adjusting the transfer from the previoustime
step corresponding to the deficit or excess. Thus,
for adeficit, more water will be transferred to
WQCW and for an excess, less water will be
transferred in accordance to the volume of
acquired rights and the pooled water in reach
250 available for exchange.

3. Transfer pooled water flow to WQCW flow.

4, Accumulate the WQCW asit is created each
calendar year. The cumulativetotal also includes
water-quality water created in reservoir storage.
The annual accumulated WQCW will be com-
pared with acquired water rights on thefollowing
day to determine if more credit water may be
created.

Two assumptions were made in developing the
code to simulate the instream creation of water-quality
water.

 WQCW is created by instream flow transfers
prior to being released from reservoirs. It is
assumed that stored water-quality water can be
saved to achieve water-quality flow targets later
in the year.

* WQCW is created just downstream from the
Farad gage because the acquired water rights are
Orr Ditch Decree rights, and therefore are associ-
ated with Floriston rates.
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Mandatory Exchanges and Transfers

Under draft TROA, mandatory exchanges are
used for moving water categories (physically or admin-
istratively) among reservoirs. Transfer s, asdefined for
thisreport, are used to create storage of one category by
eliminating an equal volume of another category inthe
same reservoir. Mandatory exchanges and transfers
simulated in the Truckee River Basin operations model
are used to (1) achieve enhanced minimum instream
flows as described below in the section “ Enhanced
Minimum Instream Flows,” and (2) favor the storage of
selected new credit water categories depending on spe-
cific conditions, such as current reservoir storage and
the presence of drought situations as described in a
later section, “Other Exchanges and Transfers.”

Enhanced Minimum Instream Flows

Currently, several reservoirsinthe Truckee River
Basin are operated to provide rel eases necessary to
maintain instream flows just downstream from reser-
voirs. However, draft TROA provides for greater min-
imum instream flows than previously described in
current operations. The greater flows, termed
enhanced minimum instream flows, would be
achieved using draft TROA credit water categories,
PCPOSW, uncommitted water, and fish water. Addi-
tional releases of these water categories requires that
they be either re-stored in another reservoir or
exchanged with water categoriesin other reservoirs
(in-lieu-of exchanges). Additionally, the use of such
waters for enhanced minimum instream flows may
depend on the security of the new storage location, the
current availability and location of reservoir storage
before re-storage or exchange, type of season (normal
season or dry season), and the current status of stream-
flow with respect to enhanced flow targets at given
locations. California, at its discretion, could use
JPFCW to enhance minimum instream flows without
re-stor age or exchange with water in another reservair.

Releases of all water categories except JPFCW to
enhanceinstream flows require that the storagelevel in
those Truckee River reservoirs selected for release, re-
storage, or exchange be within prescribed constraints.
These constraints, called threshold volumes, were
selected to ensure security of re-stored or exchanged
water from the threat of reservoir spill when reservoir
levels are high or the threat of limited outlet capacity,
recreation potential, or water category availability
when reservoir levels are low.

Enhanced minimum-flow targets would be set to
one of two levels, depending on whether the current
season is defined asanormal season or adry season.
The designation of a season as normal or dry would be
dependent upon the magnitude of pooled water stored
in Lake Tahoe and the current April-through-July fore-
cast of Truckee River Basin natural flow in theriver at
the California—Nevada State boundary (see subsequent
section “ Determination of Normal and Dry Season”).
Note that wetter-than- average conditions would place
enhanced minimum-flow targets at those defined for a
“normal season.” These seasons were established asa
method to integrate forecasting and current quantity of
flow into the determination of enhanced minimum-
flow targets. This method assures that water rightswill
not be impaired while improving the prospects of
enhancing minimum instream flow.

Several reservoirsin the Truckee River Basin
would be operated to provide releases necessary to
maintain enhanced instream flows just downstream
from the reservairs. The following list describes the
flow targets for each reservoir as specified in the draft
TROA (Bureau of Reclamation and others, 1998):

* LakeTahoe—Enhanced minimum-flow target for
anormal season is 75 ft3/s. Draft TROA credit
water categories will be released to supplement
the existing minimum-flow targets to the extent
that thedraft TROA credit water categoriescan be
exchanged to another reservoir. During adry sea-
son, if pooled water is not sufficient to maintain
the existing minimum-flow targets, then draft
TROA water categories will be combined with
the existing pooled water release for atota of
37.5 ft3/sto the extent that the draft TROA credit
water categories can be exchanged to another res-
ervoir. No draft TROA credit water categories
will bereleased if pooled water release is greater
than 37.5 ft%/s but |ess than the existing mini-
mum-flow targets.

» Donner Lake—Enhanced minimum-flow target
for anormal season is 8 ft3/s and 4 ft3/s during a
dry season. PCPOSW and TCIDPOSW will each
contribute up to one-half the total toward the
rel ease to supplement the existing minimum-flow
targets of 2-3 ft3/s, provided these categories
can be exchanged to another reservoir.

» Martis Creek Lake—Enhanced minimum-flow
releases from Martis Creek Lake are not required.

88 River and Reservoir Operations Model, Truckee River Basin, California and Nevada, 1998



» Prosser Creek Reservoir—Enhanced minimum-

flow target for anormal season is 16 ft3/s.
Uncommitted water will supplement the existing
minimum-flow target of 5 ft3/s up to an interme-
diate enhanced target of 10 ft3/s, provided that
either (1) it be exchanged to another reservair, or
(2) the release of Stampede Reservoir fish water
be reduced by an equal amount. Draft TROA
water categories will then be released as neces-
sary to increase the enhanced minimum-flow
release to 16 ft3/sif the draft TROA categories
can be exchanged to another reservoir. During a
dry season, the enhanced minimum-flow targetis
8 ft3/s at Prosser Creek Reservoir. Uncommitted
water will supplement the existing minimum-
flow target of 5 ft3/s, provided (1) it can be
exchanged to another reservoir, or (2) the release
of Stampede Reservoir fish water can be reduced
by an equal amount. If necessary, draft TROA
credit water categories will be released to attain
the 8 ft3/s enhanced target if these categories can
be exchanged to another reservair.

Independence L ake—Enhanced minimum-flow
targetsrangefrom2to 8 ft3/s duri ng the normal
season and from 2 to 4 ft3/s during the dry season
(table 7). PCPOSW water will supplement the
existing minimum-flow target of 2 ft3/s when
the enhanced flow target is greater than 2 ft3/s.
Although it is hot necessary to exchange rel eases
for the enhanced flow target to another reservair,
such releases may be re-stored in downstream
reservoirs.

Stampede Reservoir—Enhanced minimum-flow
target for anormal season is 45 ft3/s. All water
categories in storage except firm PCMICW,
PCEDS, and TPEW will be released to supple-
ment the existing flow target of 30 ft%/s if these
categories can be exchanged to another reservoir
or re-stored in Boca Reservoir. However, as dis-
cussed for Prosser Creek Reservair, the existing
flow target for Stampede Reservoir may be
reduced by up to 5 ft3/sto provide enhanced min-
imum flows downstream from Prosser Creek Res-
ervoir. During adry season, if fish water is not
sufficient to maintain the existing flow target of
30 ft3/s, then the water categories, as discussed
above, will be released to enhance the existing
fish water release to 22.5 ft3/s to the extent that
the waters can be exchanged to another reservoir

or re-stored in Boca Reservoir. No draft TROA
credit water categories will be released if the
existing release is greater than 22.5 ft3/s but less
than the existing 30 ft3/s minimum-flow target.

» Boca Reservoir—Enhanced minimum-flow
releases from Boca Reservoir are not required.

Releases for maintenance of enhanced minimum
instream flows are simulated in the USGS Truckee
River Basin operations model as follows. Model code
in the subblock initial assignments and computations
determinesinitial values of proposed releases to meet
enhanced minimum flows. The assignments specified
for Lake Tahoe, Donner and Independence Lakes, and
Prosser and Stampede Reservoirs are based on whether
itisanormal or dry season. Assignments of enhanced
minimum flows for Independence L ake are based also
on the current month and reservair storage.

The proposed reservoir rel eases for maintenance
of enhanced minimum flows are modified in the sub-
block enhanced minimum instream flows, based on
various rules and constraints for those reservoirs
required to release for enhanced minimum flows. In
this subblock, enhanced minimum instream flows are
based on whether (1) water categoriesinvolved in the
releases can be re-stored in another reservoir, (2) the
water categories can be exchanged with other water
categories in another reservoir, or (3) specified water
categories are available, such as JPFCW, that do not
require re-storage or exchange into other reservoirs.
The following discussion describes how the model
code in the subblock enhanced minimum instream
flows modifiesthe initia numerical values of required
reservoir releases to maintain enhanced minimum
flows.

First, the status of reservoir releasesis compared
to enhanced minimum-flow targetsfor thosereservoirs
reguired to maintain enhanced minimum flows. The
releases from these reservoirs correspond to flows just
downstream from the reservoir outlets. If agiven
release is less than the target, then the deficit is deter-
mined as that additional flow of water needed to
achieve the flow target. Likewise, if agiven releaseis
greater than the target, the excessisdetermined to elim-
inate unnecessary releases.

Second, for each reservoir with areleaselessthan
the enhanced flow target (release deficit), the model
determines the potential for additional releases. The
availability of additional releases is based on the vol-
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Table 7. Independence Lake enhanced minimum flow targets

[Abbreviation: ft3/s, cubic feet per second]

Storage (acre-feet) January  February—March  April-July  August-September  October-December
and season type (ft3s) (ft3s) (ft3/s) (ft3s) (ft3s)

Lessthan or equal to 7,500:

Normal and dry season 2 2 2 2 2
Greater than 7,500 and |ess than or equal to 12,500:

Normal and dry season 35 2 4 2 35
Greater than 12,500:

Normal season 7 4 8 4 7

Dry season 35 2 4 2 35

ume of specific water categoriesavailablefor releasein
accordance to the criteria described previously, as
specified in draft TROA (Bureau of Reclamation and
others, 1998), and hydraulic constraintsof thereservoir
outlet. Additional releases of specific water categories
are based on the proportion of agiven category volume
to the total volume of water categories available for
additional release. Mandatory exchange criteriafor
Donner Lake require minimum threshold volumes, and
as aresult, enhanced instream flow releases may be
restricted from the lake if volumes are less than the
minimum threshold volumes. For each reservoir, the
model checksthe following water categoriesfor contri-
bution to enhanced releases.

» Lake Tahoe—WQCW, fish credit water, and
nonfirm PCMICW.

« Donner Lake—PCPOSW (for simulations,
TCIDPOSW is not used to achieve enhanced
instream flow targets).

» Martis Creek Lake—not applicable.

* Prosser Creek Reservoir—uncommitted,
WQCW, nonfirm PCMICW, and fish credit
water.

* Independence Lake—PCPOSW.

» Stampede Reservoir—fish water, PCPOSW,
pooled water, WQCW, nonfirm PCMICW,
and fish credit water.

» Boca Reservoir—not applicable.

Third, for each reservoir with arelease greater
than the enhanced flow target (rel ease excess), the
model determines the amount that releases from given
water categories may be decreased. For in-lieu-of

exchanges, the water categoriesin reservoirs with
release excesses can be exchanged with water catego-
riesin those reservoirs with release deficits. The
amount of reduction in releases of a given water cate-
gory is based on the difference between the currently
simulated release and the required minimum release
(release floor). As previously discussed, release floors
are of two types: overall and category. Overall release
floors are based on rel eases that do not require specific
category releases, such as releases for existing mini-
mum-flow targets and releases for uncontrolled spills
or precautionary drawdowns. Category release floors
are based on specific categories that areinvolved in
previoudy simulated exchanges, such as the Tahoe—
Prosser Exchange, as discussed in the section “ Tahoe—
Prosser Exchange.” In addition to the consideration of
release floors, the reduction of releasesis based on the
proportion of each water category released to the total
release of water categories available for reduction and
whether the reservoir volume is greater than its maxi-
mum threshold volume. Finally, mandatory exchange
criteriafor Lake Tahoe and Prosser, Stampede, and
Boca Reservoirs require maximum threshold volumes,
and as aresult, reduction of releases will be restricted
in these reservoirsif volumes are greater than the max-
imum threshold volumes. Designated minimum thresh-
old volumes for Lake Tahoe will restrict reduction of
releases if the storage volume is less than a given min-
imum threshold volume. For each reservoir where a
rel ease excessis computed, thefollowing water catego-
ries are checked to determine if releases can be
reduced.

o Lake Tahoe—fish credit water, nonfirm
PCMICW, WQCW, and pooled water.
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» Donner Lake—not applicable. (For simulations,
no credit watersare exchanged into thisreservoir,
and as a consequence, reservoir releases are not
reduced for in-lieu-of exchanges).

» Martis Creek Lake—not applicable.

* Prosser Creek Reservoir—fish credit water,
nonfirm PCMICW, WQCW, uncommitted
water, Tahoe-Prosser Exchange water, and
natural water.

* Independence Lake—not applicable (For simula-
tions, no credit watersare exchanged into thisres-
ervoir and, as a consequence, reservoir releases
are not reduced for in-lieu-of exchanges.)

» Stampede Reservoir—not applicable (Credit
water categories are first exchanged into Boca
Reservoir and subsequently exchanged into
Stampede Reservoir in other types of exchanges.
See the later section “Voluntary Exchanges.”)

» Boca Reservoir—fish credit water, WQCW, non-
firm PCMICW, PCPOSW, fish water, adverse-
to-canal pooled water, non-adverse-to-cana
pooled water, and natural water.

Fourth, determine release increases for those res-
ervoirsthat require and are capabl e of such releasesfor
the enhanced instream flow targets. As discussed
above, the enhanced rel eases may be restricted depend-
ing on the minimum and maximum threshold volumes
of given reservoirs. Three methods are used to deter-
mine enhanced rel eases: (1) re-storage of water catego-
riesin another reservair, (2) in-lieu-of exchange of
water categoriesto another reservoir, and (3) release of
specific water categories when available, such as
JPFCW, without re-storage or exchange. For the in-
lieu-of exchange method (item 2), potential release
increases of water categories from reservoirs must be
compared with potential release reductions of water
categories from different reservoirs. The other two
methods do not require such acomparison. At agiven
reservoir, if enhanced instream flows cannot be met by
re-storage or exchange in another reservoir, then
JPFCW isreleased.

Theoperationsmodel simulatesreservoir rel eases
for enhanced minimum-flow targets by the three meth-
odslisted above according tothefollowing list. Thelist
is based on arank order of probable releases for
enhanced instream flow (L ake Tahoe, Stampede Reser-
voir, Prosser Creek Reservoir, Independence L ake, and

Donner Lake). Unless indicated, water categories
involved in release increases and decreases are those
previoudy discussed in this section.

L ake Tahoe

In-lieu-of exchanges:

» Lake Tahoe release increase concurrent with
Prosser Creek Reservoir release decrease.
Water categorieslisted abovefor Lake Tahoe
enhanced releases are exchanged with cate-
gories used to reduce Prosser Creek Reser-
Voir releases.

» Lake Tahoe release increase concurrent with
Boca Reservoir release decrease. Water cate-
gorieslisted above for Lake Tahoe enhanced
releases are exchanged with categories used
to reduce Boca Reservoir releases.

Release with no exchange or re-storage:
o Lake Tahoe release increase of JPFCW.

Stampede Reservoir

Re-storage:

« Stampede Reservoir release increase with
BocaReservoir re-storage of water categories
listed above for enhanced rel eases

In-lieu-of exchanges:

» Stampede Reservoir and corresponding Boca
Reservoir release increases concurrent with
L ake Tahoe release decrease. Water catego-
ries listed above for Stampede enhanced
releases are exchanged with categories used
toreduce Lake Tahoereleases. Theincreased
release from Stampede is passed through
Bocato meet the same demands downstream
on the Truckee River aswould have been sat-
isfied by releasesfrom Lake Tahoeprior toan
exchange.

» Stampede Reservoir and corresponding Boca
Reservoir release increases concurrent with
Prosser Creek Reservoir release decrease.
Water categories listed above for Stampede
Reservoir enhanced rel eases are exchanged
with categories used to reduce Prosser Creek
Reservoir releases. As described above, the
increased release from Stampede is passed
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through Boca to meet the same demands
downstream on the Truckee River as would
have been satisfied by releases from Prosser
prior to an exchange.

Release with no exchange or re-storage:

» Stampede Reservoir release increase of
JPFCW.

Prosser Creek Reservoir

In-lieu-of exchanges:

* Prosser Creek Reservoir release increase of
uncommitted water concurrent with Lake
Tahoe release decrease. The uncommitted
water from Prosser Creek Reservoir is
exchanged with water categories used to
reduce Tahoe releases.

* Prosser Creek Reservoir release increase of
uncommitted water concurrent with Boca
Reservoir release decrease. The uncommitted
water from Prosser Creek Reservoir is
exchanged with water categories used to
reduce Boca releases.

* Prosser Creek Reservoir release increase of
uncommitted water concurrent with Stam-
pede Reservoir release decrease of fish water.
There is no exchange of water categories
between the two reservoirs because uncom-
mitted water is commonly used for similar
objectives as fish water, such as cui-ui fish
runs. However, there is an exchange of
rel ease quantities between the two reservoirs.

» Prosser Creek Reservoir release increase of
appropriate categories other than uncommit-
ted water concurrent with L ake Tahoerelease
decrease. Water categories, other than
uncommitted water, listed above for Prosser
Creek Reservoir enhanced releases are
exchanged with categories used to reduce
Tahoe releases.

* Prosser Creek Reservoir release increase of
appropriate categories other than uncommit-
ted water concurrent with Boca Reservoir
rel ease decrease. Water categories, other than
uncommitted water, listed above for Prosser
Creek Reservoir enhanced releases are

exchanged with categories used to reduce
Boca releases.

Release with no exchange or re-storage:

* Prosser Creek Reservoir release increase of
JPFCW.

Independence Lake

Re-storage:

* Independence L ake release increase of
PCPOSW with Stampede Reservoir or Boca
Reservair re-storage.

Donner Lake

In-lieu-of exchanges:

» Donner Lake release increase concurrent
with Lake Tahoe rel ease decrease. Water
categories listed above for Donner Lake
enhanced releases are exchanged with cate-
gories used to reduce Tahoe rel eases.

» Donner Lake release increase concurrent
with Prosser Creek Reservoir release
decrease. Water categories listed above
for Donner Lake enhanced releases are
exchanged with categories used to reduce
Prosser Creek Reservoir releases.

» Donner Lake release increase concurrent
with Boca Reservoir release decrease. Water
categories listed above for Donner Lake
enhanced releases are exchanged with cate-
gories used to reduce reservoir releases.

Several assumptions were made in this subblock.

Because of the large number of categories avail-
able for releases from reservoirs for enhanced
minimum-flow targets, alarge number of ex-
changes are possible. The USGS Truckee River
Basin operations model simulates only the most
likely water categories and exchanges that would
be used to attain or maintain enhanced instream
flows.

» Additional releasesfrom Prosser Creek Reservoir

to prevent the formation of ice that could reduce
instream flowsin Prosser Creek are specified in
draft TROA. These releases are not ssimulated in
the operations model.
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* If smulated releases from Donner Lake are not
adequate for maintenance of enhanced minimum-
flow targets, only PCPOSW is simulated to pro-
vide all water necessary toward maintenance of
enhanced minimum-flow targets, provided it can
be exchanged to another reservoir. Although
stored in Donner Lake, TCIDPOSW is not simu-
lated to contribute toward enhanced minimum-
flow targets.

 |f simulated releasesfrom Independence Lake are
not adeguate for maintenance of enhanced mini-
mum-flow targets, only PCPOSW in the lakeis
simulated to provide water for enhanced mini-
mum-flow targets.

 Instream flows in reaches of the Truckee River
between hydropower diversion and return points
are specified in draft TROA. Except for the
Truckee River downstream from Lake Tahoe,
enhanced flow targets along the mainstem Truc-
kee River are not simulated.

 |favailable, JPFCW will bereleased from agiven
reservoir if enhanced minimum-flow targets can-
not be met by releasesthat require exchange or re-
storage in another reservoir.

» Maximum and minimum reservoir threshold vol-
umes are simulated as constant daily values
throughout a month rather than as interpolated
val ues between end-of-month values specified in
draft TROA. Thereservoir levels used for com-
parison with thethreshold volumesarethecurrent
day’ ssimulated volume, not aforecasted volume.
Neither forecasted volumes nor seasonal fore-
sight1° were used in determining the exchanges
for maintenance of enhanced minimum-flow tar-
gets (see section “Model Limitations, Assump-
tions, and Suggested Improvements” for a
discussion on the subject of foresight).

* Reservoirsnot located ontheLittle Truckee River
are not simulated to exchange directly into Stam-
pede Reservoir. Such exchanges are first made
directly into Boca Reservoir for later exchange
into Stampede (see subsequent section “Volun-
tary Exchanges’).

105easonal foresi ght utilizes forecasts of both inflow and
reservoir management to construct an operational forecast.

» Water categories may change during asimulated
exchange into another reservoir. The following
list illustrates those water category changes for
exchanges to meet enhanced minimum-flow tar-
gets.

1. Uncommitted water changes to fish credit
water when exchanged from Prosser Creek
Reservoir to storage in another reservoir.

2. PCPOSW changesto nonfirm PCMICW
when an exchange is simulated from Donner
Lake to storage in another reservoir.

Other Exchanges and Transfers

Other mandatory exchanges and transfers
specified in draft TROA (Bureau of Reclamation
and others, 1998) are based on category storage
limits, drought situation, time of the year, or some
combination of these criteria. These other exchanges
and transfers are used to maintain base amounts of
firm PCMICW, nonfirm PCMICW, and PCEDS and to
transfer (1) PCPOSW to PCMICW and (2) PCMICW
to fish credit water on specific dates. Base amounts of
PCMICW are described in the section “Proposed
Water Categories.”

Thefollowing isalist of these other mandatory
exchanges and transfers, which are simulated in the
USGS Truckee River Basin operations model in the
subblock TROA mandatory exchanges. Note that the
term drought situation has a specific meaning in draft
TROA and its determination is prerequisite to many
operations including some of the operations listed
below. It isdescribed in the section “Drought Situa-
tions.” Following the list is a detailed explanation of
each of the mandatory exchanges or transfers.

1. Create firm PCMICW in Stampede Reservoir
when firm PCMICW storage falls below its base
amount by transfer of nonfirm PCMICW in Stam-
pede to firm PCMICW storage.

2. Create PCEDS in Stampede Reservoir when
PCEDS storage falls below its base amount dur-
ing anondrought situation by transfer of fish
credit water in Stampede to PCEDS or re-storage
exchange of Independence Lake PCPOSW to
Stampede PCEDS, when requested by the Power
Company.

3. Move nonfirm PCMICW to Stampede Reservoir
from other reservoirs when the volume of non-
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firm PCMICW in Stampede falls below its base
amount during adrought situation between July 1
to April 1 by paper exchange of nonfirm
PCMICW in Lake Tahoe, Prosser Creek Reser-
voir, and Boca Reservoir with fish and fish credit
water storage in Stampede.

4. Move nonfirm PCMICW to Stampede Reservoir
from other reservoirsto attain an additional 6,000
acre-ft of storage of nonfirm PCMICW (based on
the consumptive use portion of former agricul-
tural rights) in Stampede, during a drought situ-
ation between the dates of April 15 and July 1
(base amounts are not considered for this
exchange). This move will be achieved by paper
exchange of nonfirm PCMICW in Lake Tahoe
and Boca and Prosser Reservoirs with fish water
or fish credit water storage in Stampede.

5. Create firm PCMICW in Stampede Reservoir
when the volume of firm PCMICW in Stampede
falls below its base amount during a nondrought
situation between July 1 to December 31. Firm
PCMICW will be created by paper exchange of
PCMICW in Lake Tahoe and Prosser and Boca
Reservoirs with fish or fish credit water storage
in Stampede.

6. Create fish credit water in Prosser Creek Reser-
voir, Lake Tahoe, and Boca and Stampede Reser-
voirs when the storage volume of nonfirm
PCMICW is above the base amount on April 1
during a nondrought situation. Fish credit water
will be created by transfer of nonfirm PCMICW
in Prosser, Tahoe, Boca, and Stampede to fish
credit water. During a drought situation, this
transfer will not occur.

7. Create PCMICW in Stampede Reservoir or Boca
Reservoir by transfer of PCPOSW to PCMICW
on January 1.

Firm PCMICW in Sampede Reservoir when firm
PCMICW storage falls below its base amount

The operations model simulates the transfer of
nonfirmto firm PCMICW initem 1 by first comparing
the amount of firm PCMICW to the base amount for
that category. If the storage of firm PCMICW in Stam-
pede Reservoir fallsbel ow its base amount and nonfirm
PCMICW existsin the reservoir, then transfer the
amount of nonfirm PCMICW to firm PCMICW in the
reservoir up to the base amount for firm PCMICW. In

draft TROA, thistransfer is not specified. For model
simulations, this transfer maintains the base amount of
firm PCMICW in Stampede. Any remaining amount of
PCMICW simulated in Stampede is stored as nonfirm
PCMICW.

PCEDSin Stampede Reservoir when PCEDS
storage falls below its base amount during a
nondrought situation

The operations model simulates exchanges for
creation of PCEDS in item 2 by first comparing the
amount of PCEDS in Stampede Reservoir to the base
amount (7,500 acre-ft) for that category, and then
determining PCEDS category transfers. When the stor-
age of PCEDSfalls below its base during anondrought
situation, the volume necessary to achieve the base
amount is exchanged from available sources. The sim-
ulation is based on the date and conditionsin the fol-
lowing order listed below:

» Transfer fish credit water in Stampede Reservoir
to PCEDS water in Stampede.

* Re-storage exchange by release of PCPOSW in
Independence Lake to Stampede Reservoir if the
lake storage is above the recreational pool level
(see section “Maintenance of Recreational
Pools’) and Independence rel eases are below the
preferred flow target releases (see section “Pre-
ferred Instream Flows”). Exchange PCPOSW in
Stampede Reservoir to PCEDS in the reservoir.

» Transfer PCPOSW in Stampede Reservoir to
PCEDS water in the reservoir.

The assumptions used in subblock TROA man-
datory exchanges are asfollows:

» For simulations, only the transfers and re-storage
exchanges between watersin Stampede Reservoir
listed above are used to create PCEDS water in
Stampede, even though other exchanges are pos-
sible between waters in Boca and Stampede Res-
ervoirs.

» Thedraft TROA statesthat thefirst 7,500 acre-ft
of Power Company’s credit water in Stampede
Reservoir transferred to fish credit water shall
become the PCEDS. PCEDS is created in the
mode! from fish credit water as described above.
It is assumed that once initially created, PCEDS
will only be used during extreme droughts, and
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therefore additional PCEDS creation will be
infrequent.

Nonfirm PCMICW to Stampede Reservoir from other
reservoirs when the volume of nonfirm PCMICW in
Sampede Reservoir fallsbelow its base amount during
a drought situation between July 1 and April 1

The operations model simulates the paper
exchange to accumulate additiona nonfirm PCMICW
in Stampede Reservoir initem 3 by first comparing the
amount of nonfirm PCMICW to the base amount for
that category. If adrought situation exists, and the cur-
rent date is between July 1 and April 1, and if the stor-
age of nonfirm PCMICW in the reservoir falls below
its base amount, then paper exchanges are simulated to
bring nonfirm PCMICW storage up to the base amount
in the order below.

 Paper-exchange nonfirm PCMICW in Lake
Tahoe and Prosser and Boca Reservoirs with fish
credit water in Stampede Reservoir.

 Paper-exchange nonfirm PCMICW in Lake
Tahoe and Prosser and Boca Reservoirs with fish
water in Stampede Reservoir.

The draft TROA states that the Power Company
can exchange or displace fish credit water or fish water
in Stampede Reservoir from July 1 to the following
April 1 to the extent necessary to enable the Power
Company to store the base amounts of firm and non-
firm M&I credit water. It is assumed that nonfirm
PCMICW storage uptothebaseamountissimulatedin
the model as described in item 3. Firm PCMICW stor-
age up to the base amount is simulated using the trans-
fer described initem 1. For afurther discussion on
displacement, see the section “Merge Reservoir
Releases for Multiple Objectives.”

Notethat if firm PCMICW volumeislessthanits
base amount in Stampede Reservoir during a drought
situation between July 1 and April 1, these paper
exchanges provide a mechanism to accumul ate addi-
tional nonfirm PCMICW from which firm PCMICW
can be credited as described in item 1 above.

Nonfirm PCMICW to Stampede Reservoir from other
reservoirsto attain an additional 6,000 acre-ft of
storage of nonfirm PCMICW in Sampede Reservoir
during a drought situation between the dates of April
15and July 1

The operations model simulates the paper
exchange to accumulate nonfirm PCMICW in Stam-
pede Reservoir as described in item 4 by first compar-
ing the amount of nonfirm PCMICW stored in the
reservoir since April 15 to 6,000 acre-ft (as stipulated
in the draft TROA (Bureau of Reclamation and others,
1998) and determining the presence or absence of a
drought situation. If in a drought situation, between
April 15 and July 1, and if storage of nonfirm
PCMICW in the reservoir since April 15 isless than
6,000 acre-ft, then the paper exchanges below are sim-
ulated.

* Paper-exchange nonfirm PCMICW in Prosser
Creek Reservoir, Lake Tahoe, and Boca Reser-
voir with fish credit water in Stampede Reservoir.

* Paper-exchange nonfirm PCMICW in Prosser
Creek Reservoir, Lake Tahoe, and Boca Reser-
voir with fish water in Stampede Reservoir.

Firm PCMICW in Stampede Reservoir when the
volume of firm PCMICW in Slampede Reservoir falls
below its base amount during a nondrought situation
between July 1 and December 31

The paper exchange to accumulate firm
PCMICW asdescribed initem 5 by first comparing the
amount of firm PCMICW in Stampede Reservoir toits
base amount and determining the presence or absence
of adrought situation. If a nondrought situation exists,
and the current date is between July 1 and December
31, and if the storage of firm PCMICW in the reservoir
falls below its base amount, then paper exchanges are
simulated to increase nonfirm PCMICW storagein the
reservoir using the operations below.

 Paper-exchange nonfirm PCMICW in Lake
Tahoe and Prosser and Boca Reservoirswith fish
credit water in Stampede Reservoir.

» Paper-exchange nonfirm PCMICW in Lake
Tahoe and Prosser and Boca Reservoirswith fish
water in Stampede Reservair.

The draft TROA states that the Power Company
shall havethefirst right to store firm M&| credit water
in Stampede Reservoir from the previous July 1
through December 31 up to the base amount of firm
M& | credit water. For the model, it is assumed that
nonfirm PCMICW storage is simulated by paper
exchangesin the model asjust described, and firm
PCMICW storage up to the base amount is simulated
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using the transfer described in item 1. As stated in the
section “ Storage of Proposed Water Categories,” non-
firm PCMICW will be accumulated by a reduction of
rel eases used to maintain Floriston rates corresponding
to the daily consumptive use of the former agricultural
diversion rights. That accumulation of credit water is

different than the paper exchanges described initem 5.

Fish credit water in Prosser Creek Reservoir, Lake
Tahoe, and Boca and Stampede Reservoirs when the
storage volume of nonfirm PCMICW is above the base
amount on April 1 during a nondrought situation.

The operations model simulates the transfer of
nonfirm PCMICW to fish credit water initem 6 by first
comparing the amount of nonfirm PCMICW to the
base amount for that category and determining the
presence or absence of adrought situation. Whennotin
adrought situation and if the April 1 storage of nonfirm
PCMICW inreservoirsisgreater than the base amount,
the excess nonfirm PCMICW is transferred to fish
credit water. Those transfers simulated by the opera-
tions model include the transfer of nonfirm PCMICW
in Prosser Creek Reservoir, Lake Tahoe, Boca Reser-
voir, and Stampede Reservoir in that rank order to fish
credit water in those same reservoirs.

PCMICW in Sampede or Boca Reservoirs by transfer
of PCPOSW to PCMICW on January 1

The operations model simulates the transfer of
PCPOSW and PCMICW asdescribed initem 7. Under
draft TROA, PCPOSW in reservoirs other than Donner
and Independence Lakes shall retain its classification
as PCPOSW until December 31, after which timeit
transfersto PCMICW. If PCPOSW is being stored in
Stampede or Boca Reservoirs on January 1, then a
transfer of PCPOSW to nonfirm PCMICW is made
in the following reservoirs:

¢ Transfer PCPOSW to nonfirm PCMICW in
Stampede Reservoir.

* Transfer PCPOSW in excess of 800 acre-ft
(Boca Reservoir PCPOSW level) to nonfirm
PCMICW in Boca

The assumptions used in this section are as
follows:

» Storage of PCPOSW is not simulated in
Lake Tahoe and Prosser Creek Reservoir.

» Under current operations, as described in the
previous section, “Privately Owned Stored
Water,” the Power Company stores PCPOSW
in Boca Reservoir in accordance with rulesin
the Truckee River Agreement, and may store
additional PCPOSW in Boca and Stampede Res-
ervoirsas described in the Interim Storage Agree-
ment. Under draft TROA, storage of PCPOSW in
Boca and Stampede Reservoirs as defined by the
Interim Storage Agreement will be superseded by
credit water operations. The operations model
code reflects these differences between current
and draft TROA reservoir management.

The assumptions used in this section, “ Other
Exchanges and Transfers,” are asfollows.

 [Forecasting reservoir levels could provide amore
realistic estimate of the probability of losing cer-
tain water categories to reservoir spills. Current
reservoir levels are used in the model for the
exchanges listed in this section.

 Storage of nonfirm PCMICW isnot simulated for
Independence and Donner Lakes in the model.

Voluntary Exchanges

Under the draft TROA and WQSA operations,
exchanges are used for moving water of various cate-
gories among the reservoirs. Many of these exchanges
would be voluntary and the criteria that might trigger
these exchanges are not specified in the draft TROA.
Voluntary exchanges would be requested by the inter-
ested parties and the terms and conditions would be
agreed to by the parties. Voluntary exchanges would
not interfere with the storage or release of current
waters associated with any reservoir. Also, no volun-
tary exchangeswould interfere with the achievement of
minimum instream flows or the mandatory exchanges
described in the section “Mandatory Exchanges and
Transfers.” Voluntary exchanges allow scheduled
releases to meet several objectivesinstead of one, such
as (1) preferred instream flows, (2) enhanced storage
security, (3) efficient use of releases for precautionary
drawdowns, and (4) maintenance of recreational pools.
The following sections describe these exchanges and
how the USGS Truckee River operations model simu-
lates them.

96 River and Reservoir Operations Model, Truckee River Basin, California and Nevada, 1998



Table 8. Assumed preferred instream flow targets downstream of reservoirs

[Abbreviation: ft3/s, cubic feet per second]

Location Janéjary Februarsy—March Aprilg—.]uly August—Sseptember October—?l?ecember

(ft/s) (ft°/s) (ft°/s) (ft°/s) (ft>/s)
Lake Tahoe 250 150 300 150 2,502
Donner Lake 50 20 50 10 50
Martis Creek Lake® — — — — —
Prosser Creek Reservoir 50 35 75 30 50
Independence Lake 20 10 20 10 20
Stampede Reservoir 125 100 125 100 125

Boca Reservoir 2 — —

1 Maintenance of preferred instream flows downstream from Martis Creek Lake is not required.
2 Maintenance of preferred instream flows downstream from Boca Reservair is not required.

Preferred Instream Flows

Under draft TROA, guidelines for preferred
instream flows further increase flow targets described
inthe previous sections*“ Instream Flows and Enhanced
Minimum Instream Flows.” Preferred instream flow
targets (hereafter referred to as preferred flows) vary
by season and location, and Truckee River system
operators would attempt to achieve these targets only
when practicable through exchanges and scheduling of
rel eases consistent with water rights. The preferred
flow targets would help to better serve fish and recre-
ational interests. Draft TROA would provide opportu-
nitiesfor using credit and POSW watersto increasethe
flow rates beyond mandatory enhanced minimum
instream flows (see previous discussion in the section
“Enhanced Minimum Instream Flows") to the rates
prescribed for voluntary preferred flows. These water
categories could be used to increase instream flows
only if they could be re-stored in another reservoir or
exchanged for water in another reservoir. As was the
case for enhanced minimum instream flows,
exchanges made to attain the higher targets for pre-
ferred flows depend on the water category’ s security in
storage when re-stored or exchanged, its availability
and location in reservoir storage before re-storage or
exchange, and the current status of streamflow with
respect to preferred flow targets at specific locations.
Similar to enhanced minimum instream flows, Califor-
nia, at itsdiscretion, could use Joint Program fish credit
water (JPFCW) to achieve preferred flows without re-
storage or exchange into another reservair.

As with other mandatory exchanges, the current
storage within reservoirs targeted for re-storage or
exchange to facilitate preferred flows needs to be
within prescribed thresholds. These threshold vol-

umeswere devel oped to ensure security of re-stored or
exchanged water with regard to the threat of reservoir
spill when reservoir levels are high or the threat of lim-
ited outlet capacity or recreation potential when reser-
voir levels are low. Unlike enhanced instream flow
guidelines, normal and dry seasons are not used to
determine preferred flow targets.

Several reservoirsin the Truckee River Basin
would be operated to provide rel eases necessary for the
maintenance of preferred flows, which are not speci-
fied by draft TROA. Rather, draft TROA indicates that
the State of Californiawill submit operating guidelines,
called “California Guidelines,” that will address pre-
ferred flows below reservoirs. It is anticipated that the
guidelines will address many concerns, and thus pro-
vide adegree of flexibility for the determination of pre-
ferred flow targets and the methods to achieve them.
However, for purposes of model simulations, table 8
specifiesassumed preferred flows bel ow each reservoir
(Roderick L. Hall, SierraHydrotech, written commun.,
p. 4, August 23, 1996).

The USGS Truckee River Basin operations
model simulates preferred flow exchange operationsas
follows. Like the simulation of reservoir releases for
maintenance of enhanced minimum instream flow tar-
gets, reservoir releases for maintenance of preferred
flows are simulated in two subblocks of the operations
model. The subblock initial assignments and compu-
tations assigns proposed rel eases for each reservoir for
maintenance of preferred flows. The subblock pre-
ferred instream flows modifies the proposed rel eases
by applying various rules and constraints required for
reservoir releases and exchanges for preferred flows.

In the subblock initial numerical assignments
and computations, the following are specified.
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» The user specifies whether releases and
exchanges to maintain preferred flow targets
downstream from reservoirs will be simulated or
not. If so, the user also specifies, on areservoir-
by-reservoir basis, whether releases and
exchanges to maintain preferred flow targets
downstream from each reservoir will be simu-
lated or not.

 Preferred flow objectives are specified for Don-
ner and Independence L akes, Stampede and
Prosser Reservoirs, and L ake Tahoe based on the
month (table 8). These values may be changed by
the user. Boca Reservoir and Martis Creek Lake
have no preferred flow targets.

» Oncethe option to simulate preferred flows has
been selected, the user may choose one of three
options for preferred flow targets:

1. Simulate preferred flows at the full target lev-
els(table 8), evenif only for ashort period of
time, until available credit and POSW waters
are depleted.

2. Reduce thetarget flow rates to extend the
flow increase over enhanced minimum
instream flowsthrough the summer, based on
the current storage of JPFCW in areservoir.

3. Reduce the target flow rates to extend the
flow increase over enhanced minimum
instream flows as described in item 2. How-
ever, thetarget flow rateswill be based onthe
current storage of nonfirm Power Company
M& 1 credit water (nonfirm PCMICW),
fish credit water, water-quality credit water
(WQCW), and Power Company POSW
(PCPOSW) in addition to JPFCW ina
reservoir.

If option 2 or 3 is selected, rather than maintain-
ing full-target flows for a short period (table 8), the
computations associated with these options would sim-
ulate maintenance of alower target flow throughout the
summer when reservoir storage of water categories
would otherwise be insufficient. Thus, these two
options will simulate reservoir rel eases designed to
extend alower rate of preferred flows over longer peri-
ods of time.

The reservoir releases for achievement of full or
reduced preferred flow targetsin theinitial numerical
assignments and computations subblock are modified

in the subblock preferred instream flows. Hereafter,
for clarity of discussion, “full” or “reduced” preferred
flow targets will be referred to simply as “preferred”
flow targets. This subblock modifies the proposed
releases by applying various rules and constraints for
all reservoirsrequired to release for preferred flows.
In this subblock, reservoir releases to maintain pre-
ferred flow targets are based on whether (1) water
categoriesinvolved in the releases can be re-stored in
another reservoir, (2) water categories can be
exchanged with other water categoriesin another reser-
voir, or (3) JPFCW, which does not require re-storage
or exchange into other reservoirs, is available.

First, the status of reservaoir releasesis compared
to preferred flow targets downstream from the reser-
voirs. If agiven release isless than the target, then the
deficit is determined as that additional flow needed to
achieve the preferred flow target. Likewise, if agiven
release is greater than the target, the excessis deter-
mined so that rel eases may be reduced to target rates, if
possible.

Second, when thereservoir releaseislessthan the
preferred flow target, the availability of water catego-
ries for additional releases is determined while consid-
ering the hydraulic constraints of the reservoir outlet.
Additional releases of waters are based on the propor-
tion of a given category volume to the total volume of
water categories available for additional release. As
discussed above, minimum threshold volumes are
required for Donner Lake for security of exchanged
waters or for maintenance of recreational pool levels,
and as aresult, releases for preferred flows may be
restricted from the lake. For each reservoir the avail-
ability of the following water categoriesis checked for
preferred flow releases:

» Lake Tahoe—WQCW, fish credit water, and non-
firm PCMICW.

» Donner Lake—PCPOSW. For simulations,
TCIDPOSW is not used to achieve enhanced
instream flow targets.

» Martis Creek Lake—not applicable.

* Prosser Creek Reservoir—WQCW, fish credit
water, and nonfirm PCMICW.

* Independence Lake—PCPOSW.

» Stampede Reservoir—WQCW, fish credit water,
and nonfirm PCMICW.

» Boca Reservoir—not applicable.
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Third, for each reservoir with arelease excess, a
determination is made regarding the amount releases
from given water categories may be decreased. Water
categories in reservoirs with rel ease excesses can be
exchanged with water categoriesin those reservoirs
with release deficits (an in-lieu-of exchange), similar to
exchangesinvolved in enhanced flow targets. Reduc-
tion of agiven water category releaseisalso limited by
overal and category release floors, which may be the
current enhanced flow target. Additionally, the reduc-
tion of releases for each water category is based on the
proportion of that water category rel eased, to the total
release of all water categories available for reduction.
Lastly, maximum threshold volumes must be consid-
ered for Lake Tahoe and Prosser, Stampede, and Boca
Reservoirs, and a minimum threshold volume must be
considered for Lake Tahoe for security of exchanged
waters, and asaresult, the reduction of releases may be
restricted in these reservoirs. For each reservoir the fol-
lowing water categories are checked for reduced
releases.

» Lake Tahoe—WQCW, fish credit water, nonfirm
PCMICW, and pooled water.

» Donner Lake—Not applicable (no credit waters
are stored in this reservair).

» Martis Creek Lake—not applicable.

e Prosser Creek Reservoir—WQCW, fish credit
water, nonfirm PCMICW, uncommitted water,
natural water, and Tahoe—Prosser Exchange
water.

* Independence Lake—not applicable (no credit
waters are stored in this reservoir).

» Stampede Reservoir—not applicable. Water cate-
gories are first exchanged into Boca Reservoir
and subsequently exchanged into Stampede Res-
ervoir in other types of exchanges (see the later
section “Voluntary Exchanges’).

» Boca Reservoir—fish credit water, WQCW, non-
firm PCMICW, PCPOSW, fish water, adverse-
to-canal pooled water, non-adverse-to-canal
pooled water, and natural water.

Fourth, rel ease increases are determined for reser-
voirs that require and are capable of such releasesto
achieve downstream preferred flow targets. Releases
for preferred flows are determined by three methods:
(1) re-storage of water categories in another reservair,

(2) exchange of water categories to another reservair,
and (3) release of JPFCW without re-storage or
exchangein other reservoirs. For exchanges (item 2),
potential releaseincreases of water categoriesfrom res-
ervoirs must be compared with potential release reduc-
tions of water categoriesfrom different reservoirs. The
other two methods (items 1 and 3) do not require such
comparisons.

Theoperationsmodel simulatesreservoir releases
for preferred flow targets by thefollowing list, whichis
based on the likely rank order releases for preferred
flow targets (L ake Tahoe, Stampede Reservoir, Prosser
Creek Reservoir, Independence Lake, and Donner
Lake). Atagivenreservoir, if preferred flows cannot be
met by exchange or re-storage in another reservoir,
then JPFCW isreleased, if available. Unlessindicated,
water categoriesinvolved in release increases and
decreases arethose previously discussed in this section.

Lake Tahoe
In-lieu-of exchanges:

» Lake Tahoe release increase concurrent with
Prosser Creek Reservoir release decrease.
Water categorieslisted abovefor Lake Tahoe
preferred flow release increases are
exchanged with categories used to reduce
Prosser Creek Reservoir releases.

oL ake Tahoe release increase concurrent with
Boca Reservoir release decrease. Water cate-
gories listed above for Lake Tahoe preferred
flow release increases are exchanged with
categories used to reduce Boca Reservoir
releases.

Release with no exchange or re-storage:
» Lake Tahoe release increase of JPFCW.

Stampede Reservoir
Re-storage:
« Stampede Reservoir release increase using
water categories listed above for preferred

releases, followed by re-storagein Boca Res-
ervoir.

In-lieu-of exchanges:

» Stampede Reservoir (and corresponding
Boca Reservoir) rel ease increases concurrent
with Lake Tahoe release decrease. Water cat-
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egorieslisted above for Stampede preferred
flow releases are exchanged with categories
used to reduce Tahoe releases. The increased
release from Stampede is passed through
Bocato meet the same demands downstream
on the Truckee River as would have been sat-
isfied by releases from Tahoe prior to an
exchange.

» Stampede Reservoir (and corresponding
Boca Reservoir) rel ease increases concurrent
with Prosser Creek Reservoir release
decrease. Water categories listed above for
Stampede preferred flow releases are
exchanged with categories used to reduce
Prosser releases. As described above, the
increased release from Stampede is passed
through Boca to meet the same demands
downstream on the Truckee River as would
have been satisfied by releases from Prosser
prior to an exchange.

Release with no exchange or re-storage:

» Stampede Reservoir release increase of
JPFCW.

Prosser Creek Reservoir

In-lieu-of exchanges:

» Prosser Creek Reservoir releaseincrease con-
current with Lake Tahoe release decrease.
Water categories listed above for Prosser
Creek Reservoir preferred flow releases are
exchanged with categories used to reduce
L ake Tahoe releases.

» Prosser Creek Reservoir release increase con-
current with BocaReservoir rel ease decrease.
Water categories listed above for Prosser
Creek Reservoir preferred flow releases are
exchanged with categories used to reduce
Bocareleases.

Release with no exchange or re-storage:

* Prosser Creek Reservoir release increase of
JPFCW.

Independence Lake

Re-storage:

* Independence Lake release increase of
PCPOSW with Stampede Reservoir re-stor-

age.
Donner Lake
In-lieu-of exchanges:

» Donner Lake release increase concurrent
with Lake Tahoe release decrease. Water cat-
egories listed above for Donner Lake pre-
ferred flow releases are exchanged with
categories used to reduce Lake Tahoe
releases.

» Donner Lake release increase concurrent
with Prosser Creek Reservoir release
decrease. Water categories listed above for
Donner Lake preferred flow releases are
exchanged with categories used to reduce
Prosser Creek Reservoir releases.

» Donner Lake release increase concurrent
with Boca Reservoir release decrease. Water
categories listed above for Donner Lake pre-
ferred flow releases are exchanged with cate-
gories used to reduce Boca Reservoir
releases.

Several assumptions were used in this subblock.

Because of the large number of categories avail-
able for releases from reservoirs for preferred
flow targets, alarge number of voluntary
exchangesare possible. TheUSGS TruckeeRiver
Basin operations model simulates only the most
likely water categories and exchanges that would
be used to attain or maintain preferred flow tar-
gets.

Instream preferred flows are specified for several
locations along the mainstem Truckee River in
draft TROA. Except for the Truckee River down-
stream from Lake Tahoe, preferred flow targets
along the mainstem Truckee River are not sSimu-
lated.

Maximum and minimum reservoir threshold vol-
umes are simulated as constant daily values
throughout a month, rather than as interpol ated
values between end-of-month values specified in
draft TROA. Thereservoir levels used for com-
parison with thethreshold volumesarethe current
day’ ssimulated volume, not aforecasted volume.
Similar to exchanges involved to maintain

River and Reservoir Operations Model, Truckee River Basin, California and Nevada, 1998



enhanced flow targets, neither forecasted vol-
umes nor seasonal foresight were used in deter-
mining the exchanges to maintain enhanced
minimum-flow targets.

* Increases and reductions of reservoir releases by
exchanges with another reservoir are determined
by the proportion of each water category avail-
ablein relation to the total volume of water cate-
gories available for the release increase or
reduction, unless specified otherwise.

* Reservoirs not located on the Little Truckee
River are not simulated to exchange directly
into Stampede Reservoir. Such exchanges are
first made directly into Boca Reservoir for later
exchange into Stampede (see the section “Volun-
tary Exchanges’).

» Water categories may change during an exchange
into another reservoir. The following list illus-
tratesthosewater category changesfor exchanges
to meet preferred flow targets.

1. Uncommitted water changes to fish credit
water when exchanged from Prosser Creek
Reservoir to storage in another reservoir.

2. PCPOSW changes to nonfirm PCMICW
when exchanged from Donner Lake to stor-
age in another reservoir.

Enhanced Storage Security and Access

Voluntary exchanges for enhanced storage secu-
rity have the objective of relocating a specific volume
and category of water from one reservoir to another
reservoir that islesslikdy to release water dueto flood-
control criteria, or in which release amounts will not
be hydraulically constrained during periods of low
reservoir volumes. These are all considered voluntary
exchanges, which means the transaction must be
agreed to by owners of all affected water categories.

The storage characteristics of reservoirsin the
Truckee River Basin can vary depending on thetime of
year, inflow, reservoir storage, recreational pools, and
releases for downstream flows. Because of the many
variables and implications to consider, draft TROA
contains no criteriafor voluntary exchangesto enhance
the security of or access to credit water.

It will often be desirableto exchange water stored
in Lake Tahoe and Prosser Creek Reservoir to Boca
Reservoir. Although Tahoe is the largest reservoir in

the system (usable storage 744,600 acre-ft), watersin
storage may be lost or simply unavailable. First, the
hydraulic capacity of the outlet diminishes asthe water
level approaches the natural rim (6,223.0 ft, Lake
Tahoe datum). Second, as specified in the Truckee
River Agreement, the goal of Tahoe flood operations
isto spill water so as to maintain the lake’ s water-sur-
face at an elevation of 6,229.1 ft or less. In these two
instances, the inability to access one' s water or the
danger of spilling water at atime when it cannot be
used occasionally makes Tahoe aless desirable storage
location.

Prosser Creek Reservoir has alimited storage
(29,800 acre-ft) capacity in the spring. Later in the
year, thefall precautionary drawdown may require that
water be spilled to achieve a storage volume of about
9,800 acre-ft, in accordance with flood-control criteria.
Because of the potential for spills, Prosser may also be
aless desirable storage location.

Boca Reservair is a better choice for storage
because more storage (41,100 acre-ft) is avail able than
in Prosser Creek Reservoir. Also, an exchangeto Boca
is needed to move a block of water to an even safer
location, Stampede Reservoir.

Stampede Reservoir is the largest reservoir in
the Little Truckee River Basin (total capacity of
226,500 acre-ft), and provides much flexibility in
storing water. Water isless likely to be released from
thisreservoir because of flood-control criteria. Waters
released from Stampede are not generally constrained
by outlet hydraulics and may be re-stored in Boca Res-
ervoir. Stampede' s large storage capacity and flexibil-
ity in operations means that it will normally possess
more secure storage characteristics and provide better
accessibility than other reservoirs. Also, because Stam-
pede hasajunior storageright to other reservoirsinthe
Truckee River Basin, it will be thelast to fill, and thus
islesslikely to spill.

The USGS Truckee River Basin operations
model simulates enhanced storage security exchange
operationsin the subblock enhanced storage security
using, asimplistic approach that allows exchangesinto
only two reservoirs, Boca and Stampede. Simulated
exchanges from Lake Tahoe or Prosser Creek Reser-
voir to Bocafor the purpose of enhanced security are
in-lieu-of exchanges. Inthistype of exchange, water is
released from one reservoir in exchange for storage of
an equal volume in another reservoir. Most of the sim-
ulated exchanges from Boca to Stampede are paper
exchangesin which equal volumes are traded between
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the two reservoirswith no physical movement of water
involved. Also, exchanges for enhanced storage secu-
rity in the model may be turned off or on (all or none)
at the option of the user.

Exchanges from Lake Tahoe or Prosser Creek
Reservoir to Boca Reservoir

In the operations model, in-lieu-of exchangesare
simulated from Lake Tahoe or Prosser Creek Reservoir
to Boca Reservoir. Thefirst step in simulating
exchanges from Tahoe or Prosser to Boca would be to
determine how much, if any, additional release from
Tahoe can be made using the categories WQCW, non-
firm PCMICW, and fish credit water. Similarly, it must
be determined if additional releases from Prosser can
be made using the categories WQCW, nonfirm
PCMICW, and fish credit water. In thisfirst step, the
previously determined rel eases and hydraulic capacity
of the outlets are considered. The second step isto
determinethe amount that Bocamay reduceitsreleases
of the categories fish credit water, WQCW, nonfirm
PCMICW, PCPOSW, fish water, adverse-to-canal
water, non-adverse-to-canal water and natural water.
The amount of reduction in releases of a given water
category is based on the difference between the cur-
rently simulated release and the overall and category
release floors (described in the section “ Enhanced Min-
imum Instream Flows"). In addition to the consider-
ation of release floors, thereduction of releasesisbased
onthe proportion of each water category released to the
total release of water categoriesavailablefor reduction.
Finally, potentia release increases from Prosser and
Tahoe are compared to potential Boca release reduc-
tions using the exchange water categorieslisted above,
if available, and the following list.

1. Prosser—Boca Exchange—If Prosser Creek
Reservoir is aboveits prescribed threshold
volume, increase releases from Prosser and
reduce releases from Boca Reservoir. The pre-
scribed threshold volumes are described in the
section “ Storage of Proposed Water Categories.”

2. Tahoe-Boca Exchange—If Lake Tahoeis
aboveits prescribed threshold volume, increase
releases from Tahoe and reduce releases from
Boca Reservoir categories.

3. Prosser—-Boca Exchange—Increase releases
from Prosser Creek Reservoir and reduce rel eases

from Boca Reservoir, regardless of water levels
in Prosser.

4. Tahoe-Boca Exchange—Increase releases
from Lake Tahoe and reduce releases from Boca
Reservair, regardless of water levelsin Tahoe.

Exchanges from Boca Reservoir to Stampede Reservoir

To enhance storage security, water ismoved from
BocaReservoir to Stampede Reservoir mostly by paper
exchanges. There are four likely conditions under
which these exchanges are simulated and each condi-
tion, as coded in the model, is described below.

1. When the storage of pooled water in Boca Reser-
voir isless than 5,000 acre-ft, then exchange
non-adverse-to-canal water in Stampede Reser-
voir to Boca. This condition is simulated when
Bocais using pooled waters for Floriston rates
and pooled water in Stampede is needed in Boca.
Non-adverse-to-canal water can be stored in
Stampede using exchanges as described in condi-
tions (2) and (3) of Boca—Stampede Exchanges
and in the sections “ Enhanced Minimum Flows’
and " Preferred Instream Flows.” The following
list shows the rank order of exchanges possible
when Boca Reservoir pooled water storageisless
than 5,000 acre-ft. The sources marked with an
asterisk (*) are different from current sources.

» Paper-exchangefish water in Boca Reservoir
with non-adverse-to-canal water in Stampede
Reservair.

» *Paper-exchange fish credit water in Boca
Reservoir with non-adverse-to-canal water in
Stampede Reservoir.

» *Pgper-exchange JPFCW in Boca Reservoir
with non-adverse-to-canal water in Stampede
Reservair.

» *Pgper-exchange nonfirm PCMICW in Boca
Reservoir with non-adverse-to-canal water in
Stampede Reservoir.

» *Paper-exchange WQCW in Boca Reservoir
with non-adverse-to-canal water in Stampede
Reservair.

» Exchange (by re-storage) non-adverse-to-
canal water in Stampede Reservoir to Boca
Reservair.
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2.

3.

When any non-adverse-to-canal (pooled) water is
remaining in Stampede Reservoir on April 1, then
exchange that non-adverse-to-canal water to
Boca Reservoir. Pooled water may reside in
Stampede as aresult of previous exchanges, such
as those made to facilitate the timely release of
fish water for spawning. These pooled waters
should be removed from Stampede to alow for
spring time filling of the reservoir with fish
waters. Thefollowing list showstherank order of
the exchanges when the date is April 1 and non-
adverse-to-cana water isremaining in Stampede.
The sources marked with an asterisk (*) are dif-
ferent from current sources.

* Paper-exchange fish water in Boca Reservoir
with non-adverse-to-canal water in Stampede
Reservoir.

» *Pgper-exchange fish credit water in Boca
Reservoir with non-adverse-to-canal water in
Stampede Reservoir.

» *Pgper-exchange JPFCW in Boca Reservoir
with non-adverse-to-canal water in Stampede
Reservair.

» *Pgper-exchange nonfirm PCMICW in Boca
Reservoir with non-adverse-to-canal water in
Stampede Reservoir.

» *Pgper-exchange WQCW in Boca Reservair
with non-adverse-to-canal water in Stampede
Reservair.

In the previous sections, “Pyramid Lake Fish”
and “Fish Credit Water,” simulated fish and fish
credit waters are released from Stampede Reser-
voir for storage in Boca Reservoir as Boca pres-
surewater in order to gain more timely accessto
these water categories when needed. To maintain
the Boca pressure water storage when fish water
and fish credit water storage in Boca falls below
2,000 acre-ft during afish regime 1 from March 1
to June 5, fish water in Stampede is exchanged to
Boca. In thisexchange for enhanced storage secu-
rity, paper exchanges are simulated between
Stampede fish water and fish credit water and
four categories of Bocawaters. Thefollowing list
shows the ranked order of the exchanges simu-
lated under these conditions. Again, the sources
marked with an asterisk (*) are different from cur-
rent sources.

» *Paper-exchange non-adverse-to-canal water
in Boca Reservoir with fish credit water in
Stampede Reservoir.

» *Paper-exchange adverse-to-canal water in
Boca Reservoir with fish credit water in
Stampede Reservair.

» *Paper-exchange JPFCW in Boca Reservoir
with fish credit water in Stampede Reservoir.

» *Paper-exchange nonfirm PCMICW in Boca
Reservoir with fish credit water in Stampede
Reservoir.

 Paper-exchange non-adverse-to-canal water
in Boca Reservoir with fish water in Stam-
pede Reservoir.

» Paper-exchange adverse-to-canal water in
Boca Reservoir with fish water in Stampede
Reservoir.

» *Paper-exchange JPFCW in Boca Reservoir
with fish water in Stampede Reservoir.

» *Paper-exchange nonfirm PCMICW in Boca
Reservoir with fish water in Stampede Reser-
VOir.

4. Asdescribed in the previous section “Water-

Quality Targets and Related Instream Flow
Transfers,” Boca Reservoir will be used for
temporary storage of WQCW for quick releaseto
the Truckee River. Thistype of re-regulation will
facilitate timely access to WQCW when needed.
To maintain this temporary storage of WQCW,
when the WQCW in Bocafallsbelow 300 acre-ft
between June 1 and September 30, and Stampede
Reservoir WQCW releases, as determined in the
previous section, are not enough to create 300
acre-ft of WQCW storage in Boca, then WQCW
is exchanged in Stampede to Boca. In this
enhanced storage-security exchange, paper
exchanges are simulated between Stampede
WQCW and five categories of Bocawatersasfol-
lows in ranked order.

 Paper-exchange non-adverse-to-canal water
in Boca Reservoir with WQCW in Stampede
Reservoir.

» Paper-exchange fish water in Boca Reservoir
with WQCW in Stampede Reservoir.
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 Paper-exchange fish credit water in Boca
Reservoir with WQCW in Stampede Reser-
VOir.

 Paper-exchange JPFCW in Boca Reservoir
with WQCW in Stampede Reservair.

« Paper-exchange nonfirm PCMICW in Boca
Reservoir with WQCW in Stampede Reser-
VOir.

This subblock includes the following assump-
tions.

 Although alarge number of categoriesand volun-
tary exchanges are possible, the operations model
only simulates the most likely exchanges for
enhanced security. Exchangesfor thispurposeare
only simulated from Lake Tahoe and Prosser
Creek Reservoir to Boca Reservoir, and from
Boca Reservoir to Stampede Reservoir. Donner
and Independence Lakes are not included in these
exchanges for enhanced storage. Additional
exchanges, and the order in which the exchanges
are considered, can beimplemented by modifying
the code in the operations model, but only by
experienced programmers.

» Exchanges as described in the section “ Current
Operational Exchanges,” such as the Tahoe—
Prosser and Donner—Boca Exchanges, will occur
prior to the exchanges described in this section.

» An exchange for enhanced security is not simu-
lated if the reservoir receiving the water is above
the maximum prescribed threshold volume.
Water will not be exchanged out of Prosser Creek
Reservoir if the uncommitted water volume falls
below 9,800 acre-ft. Thisconstraint on exchanges
isassumed to allow enough uncommitted water in
Prosser for the Tahoe—Prosser Exchange (Tho-
mas R. Scott, Bureau of Reclamation, oral com-
mun., 1997). The reservoir levels used for
comparison with the prescribed threshold vol-
umes in the conditional logic for enhanced stor-
age security are the current day’s simulated
volume, not a forecasted volume. Neither fore-
casted volumes nor foresight was used in deter-
mining the exchanges for enhanced security.

» JPFCW is not considered in exchanges of credit
waters from Lake Tahoe or Prosser Creek Reser-
voir to Boca Reservoir because there are no

guidelinesto determine what reservoir is strategi-
cally superior for storage of JPFCW.

* In the operations for enhanced storage security,
pooled water can be exchanged into Stampede
Reservoir. The only pooled water stored in Stam-
pede in the model is non-adverse-to-canal water.
This assumption was necessary to minimize the
number of pooled water categoriesin Stampede.

Efficient Use of Releases for Precautionary Drawdowns

Under flood-control criteria, it is sometimes nec-
essary to release water from areservoir as a precau-
tionary drawdown. Voluntary exchanges under draft
TROA will allow precautionary drawdown releases to
meet several objectives. In addition to the Donner—
Boca Exchange described in the section “ Current Oper-
ational Exchanges,” thethreemost likely exchangesfor
efficient use of releases for precautionary drawdowns
to be practiced are a Donner—Tahoe Exchange, a
Prosser—Tahoe Exchange, and a Prosser—-Boca
Exchange. These three exchanges would be informal
agreements that specify that waters required to be
released for flood control due to precautionary draw-
down may be exchanged to pooled water for mainte-
nance of Floriston rates.

In these in-lieu-of exchanges, water released
from one reservoir for precautionary drawdown is
exchanged to pooled water for maintenance of Floris-
ton rates. In exchange, an equivalent volume of pooled
water that was being released from the reservoir con-
tributing to Floriston rateswill be reduced. Thevolume
stored as aresult of the reduction in releasesis then
exchanged to the category that had to be released for
precautionary drawdown. Thus, depending on the vol-
umes of water exchanged, all or some releases of
pooled water for maintenance of Floriston rateswill be
made from other reservairs. In effect, these exchanges
allow the releases required from precautionary draw-
downs to meet three objectives instead of one: (1) pre-
cautionary drawdown to the wintertime cap for
creation of flood-control space, (2) maintenance of
Floriston rates, and (3) storage of nonpooled watersin
other reservoirs for later use rather than release down-
stream.

The USGS Truckee River Basin operations
model simulates exchanges for efficient use of water
associated with precautionary drawdowns in the sub-
block efficient use of releases. The three in-lieu-of
exchanges are similar to the Donner—Boca Exchange,
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described in the section “Current Operational Ex-
changes.” These exchanges are ssimulated during pre-
cautionary drawdown periods for Donner Lake and
Prosser Creek Reservoir. The following list describes
the exchanges coded in the operations model.

» Donner-Tahoe Exchange—From August 15 to
November 15, exchange PCPOSW released as
precautionary drawdown from Donner Lakewith
pooled water in Lake Tahoe being released. The
PCPOSW exchanged into Tahoe becomes non-
firm PCMICW.

» Prosser—Tahoe Exchange—From October 1 to
31, exchange uncommitted water released as pre-
cautionary drawdown from Prosser Creek Reser-
voir with pooled water in Lake Tahoe being
released. The uncommitted water exchanged into
Tahoe becomes fish credit water.

» Prosser—Boca Exchange—From October 1 to 31,
exchange uncommitted water released as precau-
tionary drawdown from Prosser Creek Reservair
with adverse-to-canal water in Boca Reservoir
being released. The uncommitted water
exchanged into Boca becomes fish credit water.

Assumptionsin this subblock include the follow-
ing items.

» An exchange made to efficiently use precaution-
ary drawdowns for release will not be simulated
if the receiving reservoir is above the prescribed
threshold volume.

« Atoleranceof 3.0ft3/sof reservoir releasesdueto
precautionary drawdown is used to determine
when these exchanges can be simulated. If
releases are less than 3.0 ft3/s, no exchange will
be simulated. This tolerance may be modified by
the user.

e Under draft TROA, the exchanges described in
this section for efficient use of releases for pre-
cautionary drawdowns are simulated whenever
possible. The user does not have the option to pre-
vent these exchanges from being simulated.

» Thereisadifference between the Prosser—Boca
Exchanges described in this section and in the
section “ Enhanced Storage Security and Access.”
The exchange described in this section can only
be simulated between October 1 and April 9 dur-
ing precautionary drawdowns and between

uncommitted water and adverse-to-canal water.
The exchanges described in the other section can
be simulated anytime between several categories,
but exchanges are not simulated with uncommit-
ted water.

« Although alarge number of categories and volun-
tary exchangesare possiblefor the efficient use of
releases for precautionary drawdowns, the opera-
tions model only simulates the listed exchanges.

» Draft TROA credit water categorieswere not con-
sidered for the efficient use of releasesfor precau-
tionary drawdowns exchanges. As described in
the section “Merge Reservoir Releases for Multi-
ple Objectives,” under “Proposed Reservoir
Operations,” in most situations credit water cate-
gories will be displaced before current water cat-
egories. However, it has been assumed in the
operations model that current water categories
will provide abetter opportunity for the water not
to be displaced.

Maintenance of Recreational Pools

Oneof themultiple-use benefits of reservoirsisto
maintain storage levels that enhance boating, fishing,
and other summer recreational uses. These storage lev-
elsthat promote public use of the reservoirs are called
recreational pools. Different types of reservoir
releases or exchanges may cause reservoir levelsto be
above or below recreational pools. When possible, res-
ervoir releases or exchanges can be operated to main-
tain arecreationa pool.

Under current operations, the only reservoir that
has alegal recreational pool is Donner Lake (stage of
5,932.0 ft or storage of 6,310 acre-ft), asdefined in the
Donner Lake Indenture of 1943. Prosser Creek Reser-
voir isinformally operated by adjustment of reservair
releases with consideration of arecreational pool of
19,000 acre-ft, as described in the section “ Floriston
Rates.” Independence Lakeisinformally operated with
consideration of minimum pool volume of 10,000 acre-
ft to benefit Lahontan cutthroat trout spawning
upstream from the lake (Richard D. Moser, Sierra
Pacific Power Company, written commun., 1995). No
formal exchanges for maintenance of recreationa
pools are used in current operations.

Under draft TROA, Californiawould recommend
minimum recreational pools for reservoirs that would
apply from about June through Labor Day. Water
would be voluntarily exchanged among the reservoirs
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to achieve the abjectives, but would not interfere with
downstream demands, mandatory exchanges, or any
current legal agreements or decrees. Also under draft
TROA, JPFCW may be used in voluntary exchangesto
meet recreational pool objectives. Minimum recre-
ational pool levelsfor Truckee River Basin reservoirs
have been defined as follows (Kathleen Egan, City of
Truckee, written commun., 1997).

» Donner Lake—8,800 acre-ft.

* Prosser Creek Reservoir—19,000 acre-ft.
* Boca Reservoir—33,500 acre-ft.

» Stampede Reservoir—127,000 acre-ft.

* Independence Lake—10,000 acre-ft.

e Lake Tahoe and Martis Creek Lake—no defined
recreational pool volumes.

The USGS Truckee River Basin operations
model simulates maintenance of recreational poolsin
the subblock maintenance of recreational poolsasfol-
lows. Operations considering recreational pools for
Donner and Independence L akes and Prosser Creek
Reservoir are simulated in several subblocks and the
user does not have the option to turn these operations
on or off. Therefore, although recreationa pool objec-
tives are set for Donner Lake and |ndependence Lakes
and Prosser and Boca Reservoirs, voluntary exchanges
are only simulated to maintain Boca Reservoir recre-
ational pool objectives. All draft TROA exchanges for
enhancement of the recreational pool objectives for
Boca may be turned off or on at the option of the user.
The operations model does not simulate exchanges to
meet recreational pool levelsfor Martis Creek Lake
and Lake Tahoe. It is assumed that the high storage
needed for recreational poolsin Stampede could only
be met in yearsin which runoff is above average. It
would be difficult to implement the number and mag-
nitude of the exchanges necessary to satisfy the recre-
ational pool leve in adry year.

Next, asin actual operations, the model can man-
age various types of releases to maintain recreational
pools. These simulated releases for each reservoir are
described in various subblocks of the model. The fol-
lowing list describes the operations in various sub-
blocks where recreational pool maintenance is
considered for Donner and Independence L akes and
Prosser and Boca Reservoirs. These releases are simu-
lated under both current operations and draft TROA.

» Donner Lake—A recreational pool wasfirst spec-

ified in the Donner Lake Indenture of 1943 to be
held above 5,932.0 ft and below 5,935.8 ft for the
months of June through August. In the operations
model, there is no specific subblock to maintain
recreational poolsfor thelake. However, in some
subblocks that determine the releases from the
lake, the recreational pool of 5,932 ft or 6,310
acre-ft is considered. For example, in the section
“Privately Owned Stored Water,” Donner Lake
elevation is held above 5,932 ft for the period
June 16 to September 1. (See aso the other sec-
tions “ Storage Priorities,” “Reservoir Pass-
Throughs and Releasesto M eet Newlands Project
Demands,” and “Minimum Instream Flows.”)

Independence L ake—Recreational pools of
10,000 and 7,500 acre-ft have been coded for cur-
rent operations and draft TROA, respectively.
Thereis no specific subblock for maintenance of
recreational poolsfor Independence Lake. How-
ever, in other subblocks that determine the
releases from the lake, the recreational pool is
considered. (See section “Privately Owned
Stored Water” in the section “ Current Reservoir
Operations.”) For example, when Independence
releases are needed to fill Boca Reservoir
PCPOSW to 800 acre-ft, and if lake levels are
below the recreational pool of 10,000 acre-ft, no
releases will be made. The Independence Lake
recreation pool of 7,500 acre-ftisalsoincludedin
the section “ Privately Owned Stored Water” in
the section “ Current Reservoir Operations,” and
in sections* Power Company M& | Credit Water”
and “Mandatory Exchangesand Transfers’ of the
“Proposed Reservoir Operations’ section.

Prosser Creek Reservoir—There is no specific
subblock for maintenance of recreational pool for
Prosser Creek Reservoir. However, in two sub-
blocks that determine the rel eases from the reser-
voir, the recreational pool is considered. For
example Prosser recreational pool is considered
in the section “Floriston Rates.” When Prosser
releases are needed to satisfy Floriston rates
demands, and if reservoir levels are below the
minimum recreational pool of 19,000 acre-ft, no
releases will be made unless there are no alterna-
tive sources. (See also the section “ Water-Quality
Targets and Related Instream Flow Transfers.”)
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» Boca Reservoir—In the subblock maintenance
of recreational pools, exchanges for recreational
pools are simulated. In the operations mode!,
exchanges from Lake Tahoe or Prosser Creek
Reservoir to Bocafor the purpose of maintenance
of recreational pools are in-lieu-of exchanges. In
these exchanges, releases from Boca are
decreased with the objective of maintaining water
levelsfor arecreational pool. The volume that
would have been released from Bocawill instead
be released from Lake Tahoe or Prosser Creek
Reservoir. Under the following conditions, in-
lieu-of exchanges are simulated.

1. Dateisbetween May 1 and August 30 (recre-
ational season), and

2. Iltisanormal season, as defined in the
section “Normal and Dry Season,” and

3. Boca Reservoir storage must be no morethan
4,000 acre-ft above the recreational pool of
33,500 acre-ft. If the Boca storage is greater
than 37,500 acre-ft, then no exchanges
for recreational poolswill occur. This
4,000 acre-ft provides a volume range above
the recreational pool level, but below the
flood-control criteria volume, where the rec-
reational pool exchanges are likely to occur.

Thefirst step in simulating in-lieu-of exchanges
from Lake Tahoe or Prosser Creek Reservoir to Boca
Reservair isto determine how much, if any, additional
release from Tahoe can be made using the categories
pooled water and JPFCW. Similarly, it must be deter-
mined if additional releases from Prosser can be made
using the categories TPEW and JPFCW. The previ-
ously determined releasesand hydraulic capacity of the
outlet are also considered. The second step is to deter-
mine the amount that Boca Reservoir may reduce its
releases of the categories adverse-to-canal and non-
adverse-to-canal water, JPFCW, fish credit water,
WQCW, nonfirm PCMICW, PCPOSW, and fish
water. The amount of reduction in releases of agiven
water category is based on the difference between the
currently simulated release and the overall and cate-
gory release floors (described in the section “ Enhanced
Minimum Instream Flows"). In addition to the consid-
eration of release floors, the reduction of releasesis
based on the proportion of each water category released
to the total release of water categories available for

reduction. Finaly, potential release increases from
Prosser Creek Reservoir and Lake Tahoe are compared
to potential Boca Reservoir release reductions using
the exchange water categories listed above, if avail-
able, and the following list.

1. Prosser—Boca Exchange—The increased release
of water categoriesfrom Prosser Creek Reservoir
are exchanged with areduced release of water
categories from Boca Reservoir.

2. Tahoe-Boca Exchange—The increased release
of water categories from Lake Tahoe are
exchanged with areduced release of water cate-
gories from Boca Reservoir.

Assumptionsin this subblock for maintenance of
recreational poolsin Boca Reservoir include the fol-
lowing items.

 Although other categories and voluntary
exchanges are possible for maintaining recre-
ational pools, the operations model simulates
only the listed exchanges with the stated catego-
ries.

* Forecasting reservoir levels could provide amore
realistic probability of maintaining recreational
pools from May 1 to August 30. However, only
current reservoir levels are used in the model to
determine exchanges for maintenance of recre-
ational pools.

* An exchange for maintenance of recreational
poolsisnot simulated if the receiving reservoir
(Boca Reservair) is above the prescribed thresh-
old volume.

Merge Reservoir Releases for Multiple Objectives

Similar to existing operations as described under
thistitle in the section “ Description and Simulation of
Current Operations,” water released from a given res-
ervoir under draft TROA may serve avariety of objec-
tives. Releases may consist of specified (tagged) water
categories or untagged waters that consist of any water
category. Typically, releases made to satisfy specific
downstream demands are tagged to specific water cat-
egories. Untagged releasesresult from spills (including
both uncontrolled spills over reservoir spillways and
precautionary drawdowns based on flood-control crite-
ria) or maintenance of minimum flows.
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A draft TROA article entitled “ Operations”
addresses the order of water categories for mandatory
untagged releases based on flood-control criteriafrom
Truckee River reservoirs (Bureau of Reclamation and
others, 1998). Under these proposed operations, the
order of water categories assigned to untagged rel eases
may change depending on whether or not a drought
situation exists (see subsequent section “Drought Sit-
uation”). The categories of water described in the
Operations article are pooled water (including adverse-
and non-adverse-to-cana water), Tahoe—-Prosser
Exchange water, fish water, privately owned stored
water (POSW), uncommitted water, fish credit water,
Joint Program fish credit water (JPFCW), firm Power
Company M&| credit water (firm PCMICW), nonfirm
Power Company M&| credit water (nonfirm
PCMICW), CaliforniaM&] credit water (CMICW),
water-quality credit water (WQCW), Fernley credit
water, Newlands Project credit water, irrigation credit
water, and other credit water.

The operations model simulates merged reservoir
releases for multiple objectivesin the subblock merge.
Asdiscussed earlier in the current operations section, if
tagged rel eases are greater than untagged releases from
areservoir, then the mandatory untagged releases are
satisfied by the water categories already proposed for
release. However, if the untagged releases are greater
than the tagged rel eases, then the difference between
the untagged and tagged rel eases must be computed,
and it is this difference that represents that volume of
the mandatory untagged releases that must be assigned
to water categories. Table 9 liststhe rank-order scheme
of water categories assigned to untagged rel eases for
proposed operations from each reservoir. Note that
table 9 lists water categories used for both current and
proposed operations. The categories of water utilized
for merged reservoir releases in the model are natural
water, pooled water, fish water, PCPOSW, TCID-
POSW, uncommitted water, fish credit water, Joint
Program fish credit water (JPFCW), firm PCMICW,
nonfirm PCMICW, CMICW, and WQCW. The water
categories Fernley credit water, Newlands Project
credit water, irrigation credit water, and other credit
water are not simulated by the operations model, as
discussed in the section “ Storage of Proposed Water
Categories.”

Under draft TROA and WQSA, the presence of a
drought situation may change the order of water cate-
gories assigned to untagged releases. Additionaly, the
rank-order scheme of water category assignments to

untagged releases may change for different types of
releases (flood-control and minimum flow) asillus-
trated in table 9.

Unlike current operations, under draft TROA and
WQSA, inflow water categories may force releases of
other water categoriesin reservoir storage when man-
datory untagged rel eases are required, such asa precau-
tionary drawdown or uncontrolled spill. These forced
releases, called displacements, depend on the rank-
order scheme of areservoir (table 9). Thus, inflow of a
given water category will displace water categories of
lower rank. Typically, draft TROA credit water catego-
ries are of lower rank than the unregulated inflow cate-
gories. pooled water for Lake Tahoe and natural water
for other reservoirs. Exceptionsare firm PCMICW and
Power Company emergency drought supply (PCEDYS)
in Stampede Reservoir, which cannot be displaced.
Except for Lake Tahoe, where pooled water inflow to
the lake remains as pooled water when stored, natural
water inflows will convert to the assigned pr oj ect
waters of agiven reservoir once stored. Thus, manda-
tory untagged releases serve to displace many draft
TROA credit water categories by the creation of project
waters. Regulated inflows released from upstream res-
ervoirs may aso displace water categories of lower
rank during mandatory untagged releases. Thus, during
adrought situation, reservoir inflow of nonfirm
PCMICW released from Stampede may displace fish
credit water and JPFCW in Boca Reservoir (table 9).

The following assumptions were used in the
model code development for simulating the merged
releases for proposed operations from reservoirs.

» Although draft TROA article “ Operations’
addresses the order of water categories assigned
to such untagged rel eases as spills and displace-
ments, aslightly different rank order of water cat-
egoriesfor untagged releases is assumed for
simulations. The order, shown in table 9, may be
modified by the model user.

» Natural water is simulated as the unregul ated
inflow category for al reservoirs except Lake
Tahoe. For Tahoe, pooled water is simulated as
theinflow category. For Stampede and Boca Res-
ervoirs, in addition to inflows of natural water
from unregul ated subbasins and pass-throughs
from upstream reservairs, inflow categories con-
sist of other water categories released from
upstream reservoirs.
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Table 9. Rank order of water categories assigned to untagged releases under Truckee River Operating Agreement and Water Quality Settlement Agreement

Reservoir Water Categories Assigned to Untagged Release

Reservoir Water Categories Assigned to Untagged Release

Lake Tahoe FOR FLOOD-CONTROL RELEASE:
1. Water-quality credit water

2. CdiforniaM&| credit water

If no drought situation exists:
3. Nonfirm Power Company M&| credit water
and fish credit water
4. Joint Program fish credit water

If drought Situation exists:
3. Fish credit water and Joint Program fish credit water
4. Nonfirm Power Company M&| credit water

5. Pooled water

FOR MINIMUM INSTREAM FLOW RELEASE:
1. Pooled water (see section “Tahoe—Prosser Exchange”)

FOR FLOOD-CONTROL AND MINIMUM
INSTREAM FLOW RELEASES:

1. Natural water.

2. Power Company POSW and TCID POSW.

Donner Lake

Prosser Creek
Reservoir

FOR FLOOD-CONTROL RELEASE:
1. Water-quality credit water
2. CaliforniaM&| credit water

If no drought situation exists:
3. Nonfirm Power Company M&| credit water
and fish credit water
4. Joint Program fish credit water

If drought situation exists:
3. Fish credit water and Joint Program fish credit water
4. Nonfirm Power Company M&| credit water

5. Natural water
6. Uncommitted water
7. Tahoe-Prosser Exchange water

FOR MINIMUM INSTREAM FLOW RELEASE:
1. Natural water
2. Uncommitted water

FOR FLOOD-CONTROL RELEASE:
1. Water-quality credit water
2. CdliforniaM&| credit water

Stampede Reservoir

If no drought situation exists:
3. Nonfirm Power Company M&| credit water
4. Fish credit water and Joint Program fish credit wate.r
5. Power Company POSW
6. Non-adverse-to-canal pooled water
7. Natural water
8. Fish water

If drought Situation exists:
3. Fish credit water and Joint Program fish credit water
4. Power Company POSW
5. Non-adverse-to-canal pooled water
6. Natural water
7. Fish water
8. Confirm Power Company M&| credit water

FOR MINIMUM INSTREAM FLOW RELEASE:
1. Natural water
2. Fish water

IndependenceLake FOR FLOOD-CONTROL RELEASE AND MINIMUM
INSTREAM FLOW RELEASES.
1. Natural water
2. Power Company POSW

FOR FLOOD-CONTROL RELEASE:
1. Water-quality credit water
2. CdiforniaM&| credit water

Boca Reservoir

If no drought situation exists:
3. Nonfirm Power Company M&| credit water and fish
credit water
4. Joint Program fish credit water

If drought Situation exists:
3. Fish credit water and Joint Program fish credit water.
4. Nonfirm Power Company M&| credit water

5. Fish water

6. Power Company POSW if volumein storage is greater
than 800 acre-feet

7. Natural water

8. Adverse-to-canal pooled water

9. Non-adverse-to-canal pooled water

10. Power Company POSW if volumein storage is less than

800 acre-feet

FOR FLOOD-CONTROL RELEASE
1. Pooled water

L ahontan Reservoir




* All Martis Creek Lake releases are simulated in
the subblock flood-control criteria, because this
reservoir is operated for flood control. See the
previous section “Flood Control-Criteria,” for a
description of Martis Creek Lake operations.
Storagein and releases from thisreservoir consist
only of natural water for simulations under pro-
posed operations.

Losses and Gains to Reaches

Under draft TROA and WQSA operations, evap-
oration, precipitation, and inflows create losses or
gains to reaches that modify accounts of water catego-
ries. Draft TROA provides guidelines for the adjust-
ment of reservoir storage accounts of water categories
from daily net evaporation. Daily net evaporationis
calculated as the evaporation rate minus the precipita-
tion applied to the surface areaof areservoir for agiven
day. When precipitation and inflows exceed evapora-
tion, usually from November or December through
May or June, reservoir storage will increase, and that
increase is considered as a positive reservoir inflow of
pooled water for Lake Tahoe or natural water for the
other lakes and reservoirs. When evaporation exceeds
precipitation and inflows, reservoir storage will
decrease, and that decrease is considered as aloss
assigned to water categories based on a rank-order
scheme described as follows.

Lake Tahoe
Part of the net evaporation will be assigned to
water categoriesin storage other than pooled
water. That part of net evaporation will be deter-
mined by applying to the net evaporation a pro-
portion relating the increase in lake surface area
attributed to the volume of only these categories
to the total lake surface area. The remaining part
of net evaporation is assigned to pooled water.

Donner Lake
Net evaporation will be alocated first to daily
Donner Lake inflow, and then to categoriesin
storage other than Power Company POSW
(PCPOSW) and (TCIDPOSW). The net evapora-
tion will be determined by applying to the
remaining net evaporation a proportion relating
the increase in lake surface area attributed to the
volume of these categories to the total 1ake sur-
face area. The remaining part of net evaporation
is assigned to PCPOSW and TCIDPOSW waters.

MartisCreek Lake
Net evaporation will be allocated to all water cat-
egoriesin storagein proportion to the volumes of
the water categories.

Prosser Creek Reservoir
Net evaporation will befirst allocated to all water
categories in storage except Tahoe—Prosser
Exchange water and dead and inactive storage in
proportion to the volumes of the water categories.
Then the remaining part of net evaporation will
be assigned first to Tahoe—Prosser Exchange
water (TPEW) and second to dead and inactive
storage.

Independence Lake
Net evaporation will be alocated first to daily
Independence Lake inflow and then to categories
in storage other than PCPOSW. The net evapora-
tion will be determined by applying to the
remaining net evaporation a proportion relating
the increase in lake surface area attributed to the
volume of these categories to the total |ake sur-
face area. The remaining part of net evaporation
is assigned to PCPOSW water.

Stampede Reservoir
Net evaporation will be allocated first to all water
categories in storage except Power Company
emergency drought supply (PCEDS), firm
PCMICW, TPEW, and dead and inactive storage
in proportion to the volumes of the water catego-
ries, and then to the following categories by pri-
ority order: firm PCMICW, PCEDS, TPEW, and
last to dead and inactive storage.

Boca Reservoir
Net evaporation will be allocated to all water cat-
egoriesin storage in proportion to their volumes.

Draft TROA aso provides guidelines for the
adjustment of storage accounts of water categories of
river reaches. Flow in the Truckee River and its tribu-
tariesmay increase or decrease aswater movesthrough
river reachesdownstream. All increasesin flow will be
allocated to natural water. Decreases are called convey-
ancelosses and will be proportionately allocated to the
flow of al water categories except privately owned
stored water

The following discussion describes the ssimula-
tion of evaporation, precipitation, and inflow losses
and gainsfrom reservoir and river reachesin the USGS
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Truckee River Basin operations model: first, the meth-
ods to simulate gains and losses and then the selection
of water-category accounts for gains and losses.

Depending on the external time series input for
reservoir and river reaches, either net inflow or sepa
rate evaporation and precipitation fluxes may be simu-
lated (see previous section, “Data for Simulation of
Streamflow and Operations’). As described under this
title in the section “ Description and Simulation of Cur-
rent Operations,” evaporation and precipitation fluxes
or net inflow to and from reservoir and river reachesis
simulated in the RCHRES block.

For Truckee River reservoirs (except Lake
Tahoe), for Pyramid Lake, and for river reaches down-
stream from Vista, external time series of evaporation
and precipitation depths are input to the simulation
model. For Lake Tahoe and river reaches upstream
from Vista, external time series of net inflowsareinput
to the ssimulation moddl. Although net evaporation may
not be simulated for reservoir reaches as described in
draft TROA, the simulation of net inflows or separate
evaporation and precipitation fluxesresultsin the same
objective as simulation of net evaporation: determina-
tion of net gains or losses to the given reservoir reach.
For Lahontan Reservoir, losses are simulated as
described in the previous section “ Truckee River
Diversions to Newlands Project.” For amore detailed
discussion of the methods used to construct the external
time series, seethe previous sections “Datafor Simula-
tion of Streamflow” and “ Operations and L osses and
Gainsto Reaches’ under “ Current Operations.”

Storage accounts of water categories must be
adjusted for changes in storage resulting from losses
and gainsto reaches. Asfor simulation of current oper-
ations, inflow under draft TROA, including unregu-
lated tributary inflow and precipitation, is assigned to
pooled water for Lake Tahoe and to natural water for
the other lakes and reservoirs. For river reaches,
inflow, including unregulated tributary inflow and pre-
cipitation, isassigned to natural water from Lake Tahoe
to the Farad gaging station (reaches 100 through 240).
Downstream from the Farad gaging station (reaches
250 through 580), all inflows from tributaries and pre-
Cipitation are assigned to pooled water.

Conveyance |osses from river reaches are simu-
lated using evaporation and ET from phreatophytes.
Downstream from the Vistagaging station, these |l osses
are assigned to pooled water (Berris, 1996), and
upstream from the Vista gaging station, they are
implicit in the methods used to determine net inflows

from tributaries. Because the net inflows to reaches
from Lake Tahoe to the Farad gaging station are posi-
tive, losses between Tahoe and Farad are not assigned
to water categories. Losses between Farad and Vista
are assigned first to pooled water, second to fish water,
and last to WQCW.

Simulated reservoir |osses from evaporation or
negative net inflows are assigned to categories by rank
order. If more than one category shares the same prior-
ity, then losses are assigned to those categoriesin pro-
portion to their volumes. The following are the water
category assignmentsto reservoir |osses from evapora
tion or negative net inflows in the operations model.

Lake Tahoe
Net losses will be allocated to pooled water.

Donner Lake
Evaporation will be allocated first to Donner
Lake inflows. The remaining part of evaporation
will then be assighed equally to PCPOSW and
TCIDPOSW.

MartisCreek Lake
All evaporation will be assigned to natural water.

Prosser Creek Reservoir
Evaporation is allocated first to all water
categoriesin storage except Tahoe—Prosser
Exchange water (TPEW) in proportion to the
volumes of the water categories. After applying
evaporation to the water categories as described
above, the remaining part of evaporation is
alocated to TPEW.

Independence L ake

Evaporation is allocated first to Independence
Lake inflows. The remaining part of evaporation
is alocated to PCPOSW.

Stampede Reservoir
Evaporation is allocated first to al water catego-
riesin storage except firm PCMICW and PCEDS
in proportion to their volumes. The remaining
part of evaporation is allocated first to firm
PCMICW and second to PCEDS water.

Boca Reservoir
Evaporation will be allocated to all water catego-
riesin storage in proportion to their volumes.

Pyramid Lake
Evaporation will be allocated to pooled water.
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Several assumptionswere madein devel oping the
code simulating losses and gains from evaporation and
precipitation. Some of the more notable assumptions
follow.

« Water categories other than natural water,
PCPOSW, and TCIDPOSW are not assigned to
evaporation for Donner Lake simulations. Water
categories other than natural water and PCPOSW
are not assigned to evaporation for Independence
Lake simulation.

» Net losses for Lake Tahoe are not applied to the
increased surface area attributed to the volumes
of specified categories other than pooled water.
For the lake, net losses will be applied only to
pooled water. This assumption is not expected to
create largely different results because increased
surface areas attributed to the draft TROA catego-
riestypically will be small compared to the sur-
face areas related to the volume of pooled water.

« Evaporation is assigned only to natural water for
Martis Creek Lake simulation.

» For Prosser Creek and Stampede Reservoirs, vol-
umes of dead and inactive storage are not simu-
lated as water categories. Instead, evaporationis
assigned to other categoriesin the order specified
above.

 Inthesimulation model, Stampede Reservoir will
not contain Tahoe—-Prosser Exchange water.
Therefore, evaporation is not assigned to Tahoe—
Prosser Exchange water.

Forecasts Affecting Operational Decisions

This section describes three runoff and reservoir
storage forecasts used to guide the simulation of oper-
ations. Under draft TROA, two of the forecasts are a
determination of (1) anormal or dry season, and (2) a
drought situation, and the third is the “runoff index”.
Although not specified in the draft TROA, the runoff
index isusedinthe operationsmodel for several logical
decisions that require judgement or a need for qualita-
tively categorizing an upcoming runoff season.

Normal and Dry Season

In article nine of the draft TROA, Beneficial Uses of
Water in Californiafor Instream Flows and Recre-
ation, (Bureau of Reclamation and others, 1998), pro-
posed criteria are specified for the release of water

from reservoirsto maintain instream flowsfor fish and
biological resources. Instream flows and enhanced
minimum instream flows for reservoirs are specified
on the basis of whether the season is hormal or dry, as
determined by certain reservoir releases, storage and
forecasted runoff. In general, the determination of nor-
mal or dry season depends upon the amount of pooled
water stored in Lake Tahoe and the current forecast of
Truckee River Basin natural flow in the Truckee River
at the California-Nevada State line. The determination
of anormal or dry season is made on each day from
February through June using graphs from draft TROA
shown in figures 5 and 6. A separate determination is
specified for daysin July through January. Separate
designations will be made for the Lake Tahoe Basin
and for the Truckee River Basin.

The USGS Truckee River Basin operations
model simulates determination of normal or dry season
in the subblock initial numerical assignments and
computations as follows.

 For themonths of February through June, the sim-
ulated current Lake Tahoe pooled water volume
and the current NRCS forecast of April-July
Truckee River Basin runoff at Farad are used to
determine anormal or dry season on the basis of
the graphs on figures 5 and 6, which are taken
from the draft TROA.

 For the month of October, the designation isthe
same as that computed for September except if
pooled water stored in Lake Tahoeisless than
specified volumes. For Lake Tahoe, the season
will be designated as a dry season if the volume
of pooled water stored in Lake Tahoeislessthan
150,000 acre-ft. For Donner Lake, Prosser Creek
Reservair, Independence Reservoir, Stampede
Reservoir, and BocaReservoir, the season will be
designated asadry season if the volume of pooled
water stored in Lake Tahoe is less than 50,000
acre-ft.

* For the months of July through September, the
designationisthe sameasthat computed for June.
For the months of November through January, the
designation is the same as that computed for
October.

Thefollowing assumption was used in the model
code development for determination of normal and dry
season.
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« |f the designation computed in the subblock falls
in between the dry and normal year, (shown as

“NO CHANGE” infigures 5 and 6), then no

changein the normal or dry year designation will

be computed.

Drought Situations

As used in the context of draft TROA, theterm

drought situation means ayear in which it seems
likely that there either will not be sufficient natural

flow and pooled water in storage in Truckee River res-
ervoirs to meet Floriston rates through October 31, or
the projected level of Lake Tahoe pooled water on or

before the following November 15 will be below

6,223.5 ft, Lake Tahoe datum. This determination is

based on the April 1 seasonal Truckee River runoff

forecast assuming median precipitation after April 1.

The occurrence of a drought situation affects other
operationsin the model, such as these.

1. Theallocation of fish credit water and Power

Company nonfirm M& | credit water spilled from

Stampede Reservair. In adrought situation, fish
credit water is spilled before PCMICW. In non-
drought situation years, PCMICW spills before
fish credit water (see the section “Merge Reser-
voir Releases for Multiple Objectives,” under
“Proposed Reservoir Operations”).

. Thetransfer (conversion) of excess nonfirm

M&I credit water to fish credit water. This con-
version takes place in any year that is not pro-
jected to bein adrought situation (see the section
“Other Exchanges and Transfers,” under “Pro-
posed Reservoir Operations”).

. The priority for storage and accumulation of

Power Company M&I credit water and fish
credit water (see the sections (1) “ Other
Exchanges and Transfers,” and (2) “ Power
Company M&| Credit Water, Fish Credit Water,
Water-Quality Credit Water, and Joint Program
Fish Credit Water,” under “Proposed Reservoir
Operations”).
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Stampede Reservoir, and Boca Reservoir, February—June—Continued

The operations model simulates the determina-
tion of a drought situation as follows. In general, the
subblock initial assignments and computations deter-
mines a drought situation once each year on April 1st
using forecasts of monthly runoff volumesfor the next
8 months (April through November) at magjor streams
within the Lake Tahoe and Truckee River Basins.
Using these monthly forecasts at various locations, the
model simulates selected major operations using 1-
month computation intervals for the period April
through November. At the end of each month’s opera-
tional computations, themodel determinesif ashortfall
in Floriston rates has occurred or if Taho€e' s pooled
water elevation has fallen below 6,223.5 ft. Thissim-
plified operational forecast code within the model
seeks only to satisfy the first few storage or demand
priorities for water:

1. Fill Donner Lake.

2. First 3,000 acre-ft of storage in Independence
Lake.

3. Floriston rates (demand).

4. Lake Tahoe storage.

5. First 25,000 acre-ft of Boca adverse-to-cand
storagerights.

Intheinitial assignments and computations sub-
block, the storages and category amounts used by the
drought situation code are the simul ated amounts from
the main HSPF model as of March 31st each year. The
user must indicate, with auser option flag, whether the
runoff forecasted time seriesto be used are net inflows
to reservoirs (include the effects of evaporation and
precipitation) or inflows only. If the forecasted time
series for input to the reservoir are inflows only, they
will be adjusted for precipitation and evaporation.

Thefollowing is an overview of the subblock
simplified forecast procedure to determine drought
situation, which computes (April 1 of every simulation
year) whether or not adrought situation exists. This
“condensed” version of operations described below is
unique to this subblock and in no way reflects the com-
plex interactions simulated in the other subblocks.
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1. Usingforecasted runoff volumesfor the month of

April, the model checks whether the storage
rights of Donner and Independence Lakes listed
above have been satisfied.

. Next, the model determinesif Floriston rates can
be met by sidewater and pass-through water
from reservairs. If not, pooled water (including
Tahoe—Prosser Exchange water existing on April
1st in Prosser Creek Reservoir) isreleased from
the reservoirsin the order specified by the Truc-
kee River Agreement (see discussion in the sec-
tion “Floriston Rates”). If, on the other hand,
Floriston rates can be satisfied, then storage of the
first 25,000 acre-ft of water in Boca Reservoir is
allowed to begin.

. At the end of the April calculations, if the water
surface corresponding to pooled water in Lake
Tahoe fell below 6,223.5 ft or if Floriston rates
were not met, then a computed flag is switched
from O (no drought situation) to 1 (drought situa-
tion exists). If the drought situation flagissetto 1
at any time during the calculations, the remainder
of the monthly stepsin this computation are
skipped and operations in the other model sub-
blocks will consider the period to be in adrought
situation. If no drought situationisindicated after
the April computations, the subblock computa-
tions proceed to simulate operations for the
month of May using expected (forecasted) runoff
volumes for that month.

. The procedure is repeated using the forecasted
runoff for each remaining month, May through
November, and the end result of this subblock of
code isadrought situation flag setting on April 1
of either O or 1. Thisflag valueisused inthe daily
computations of other subblocks until thefollow-
ing April 1, when anew flag value is computed
once again.

Several assumptionsweremadein devel oping the

Independence Lakes (first 3,000 acre-ft), Lake
Tahoe, and Boca Reservoir (first 25,000 acre-ft).

No accumulation of storage attributable to the
current year is assumed to have taken placein
Independence Lake prior to April 1st of that year.
Donner Lake swinter operations leave the out-
flow gates open, so no accumulation of storage
before April 1 aso can be assumed.

Only the first 25,000 acre-ft (adverse-to-canal)
storage rights are simulated in Boca Reservair.
The non-adverse-to-canal water (next 15,000
acre-ft) has alater storage priority than Truckee
Canal diversions, and, for purposes of simplifica-
tion, Truckee Canal operations were not simu-
lated in this subblock.

In this single-purpose subblock, developed

only for forecasting, the only Tahoe—Prosser
Exchange water in Prosser Creek Reservoir avail-
able for supporting Floriston rates is the smu-
lated volume on April 1st. The Tahoe—Prosser
Exchange is not simulated in this subblock of
code. Because minimum flows from Tahoe are
not simulated in this subblock, any water drafted
from Tahoeisused for Floriston rates. So, instead
of forecasting the rel ease of minimum flowsfrom
Tahoe and exchanging pooled water into Prosser
Creek Reservoir viathe Tahoe—Prosser
Exchange, this subblock just keeps that water in
Tahoe. Thiswill not affect the forecast on
whether Floriston rates will be met, but could
make the forecast level of Lake Tahoe greater
than it should be by as much as atenth of afoot.

If the pooled water elevation in Lake Tahoe ever
exceeds 6,227.5 ft, as computed within this sub-
block, it is assumed that enough water existsto
satisfy Floriston rates for the remainder of the
year without the el evation falling below 6,223.5ft
and the remainder of the drought situation sub-
block calculations are simply skipped and the

code to determine the existence of a drought situation
inthe context of draft TROA. Some of the more notable
assumptions follow.

drought situation flag is set to 0, indicating a
nondrought situation for use in other operational
subblocks.

» Because the purpose of this part of the code isto
simulate L ake Tahoe water-surface el evation and
the system’ s ability to maintain Floriston rates
with pooled water, sidewater, and pass-through
water, it was not necessary to simulate any stor-
age with alower priority than Donner Lake and

Runoff Index
In the management of the Truckee River Basin
reservoirs and rivers, many operational decisions are
based on expected runoff volumes, which in turn are
based on snowpack conditions and historic USGS
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streamflow records. A runoff index is computed in the
USGS Truckee River Basin operations model, and is
used as a component of hydrologic judgement needed
to make certain operational decisions. Theseoperations
include springtime reservoir filling for Donner and
Independence Lakes, establishing beginning date of
irrigation season, and determining ground-water usein
the Truckee Meadows as described in their respective
sections. Based on the historic NRCS forecasted flow
data (1922-97) for the Truckee River near Farad
streamflow station, the forecasted flows are split into
three runoff groupings—wet, average, or dry years.
Runoff groupings are defined using forecasted flow
data and long-term mean runoff at Farad from historic
USGS streamflow records. If the forecast is greater
than the long term mean runoff plus one-half the stan-
dard deviation, the year is considered wet. If the fore-
cast isless than the mean minus one-half the standard
deviation, the year is considered dry. Otherwise, the
year is considered average. This qualitative runoff
index is used in both current and proposed reservoir
operations.

COMPARISON OF SIMULATED AND
OBSERVED OPERATIONS

The Truckee River Basin operations model was
developed to provide water managers with atool capa-
ble of simulating both hydrologic processes and
river/reservoir operations using adaily, rather than
monthly, computation interval. A daily model is
needed to examine policies that can be affected by the
dynamic nature of streamflow and river/reservoir oper-
ationsthat exist in the day-to-day management of water
resources in the Truckee River Basin. Because the
moddl is flexible, comprehensive, and documented,
all interested parties can apply a common model to
examine individual interests, allowing negotiations or
theinvestigation of alternative management policiesto
proceed with the confidence that all parties can repro-
duce and verify the results. The model documented in
thisreport is not intended for use in simulating histori-
cal streamflow. It was specifically designedto facilitate
relative comparisons of the effects of alternative man-
agement practices or allocations on flows and storages
within the system. Relative comparisons allow man-
agement to base decisions on whether a situation will
improve or worsen under a proposed operating sce-
nario. Exact water volumes attributable to changes

in operations cannot be simulated, and results should
not be considered to be anything other than reasonable
estimates.

Traditional model development usualy entails
calibration and verification tasks to demonstrate the
reliability of the model. Because observed streamflows
are not meant to be reproduced by thismodel, aclassic
calibration comparing observed and simulated volumes
or streamflows is problematic with this model and its
current databases. However, the physically based flow-
routing processes embedded in the operations model
were evaluated in a previous report by Berris (1997).

Currently (1998), TROA has not yet been signed
and implemented and, therefore, no observed data
resulting from the proposed operations exist that could
be used for comparison. Testing the simulation of cur-
rent operations by the model also isdifficult for anum-
ber of reasons explained in the paragraphs bel ow.

First, the complexity of actual historical and cur-
rent river and reservoir operationsin the Truckee River
Basin has been compounded by unique, one-time
agreements that deviated from “normal” operations.
The operations model does not simulate any of these
one-time agreements. Dated operations could have
been coded to account for known deviations, but,
because the reasoning behind these actions was
not always documented and it was not known if
such actions would ever be taken again, simulation
of such one-time operations were not programmed
into the model.

Second, there have been many times when
nonroutine, minor operations have been executed in
the Truckee River Basin. Although these operations
were adlowable, they were not documented in specific
legal decrees or agreements. The USGS Truckee River
Basin operations model does not simulate such non-
routine operations.

Third, thereis considerable flexibility in how the
reservoirs can be managed to meet the objectives of
major decrees and agreements. This human element of
judgement allows basin managers to implement
required operations differently every year and not
exactly according to rules or stipulations explicitly
documented in any one decree or agreement. The inter-
actions between the reservoirs are very complex and
are often undocumented and inconsistent. The opera
tionsmodel attemptsto simulatetheseinteractionswith
asimplified logic using the same method from year to
year, but the logic cannot simulate all possible interac-
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tions and variable human judgement. Thus, the course
of action simulated by the operations model will bethe
same each year under equal conditions.

Finally, there may be differences between the
input data used in model simulations and the available
data that guided the historic operations. For example,
except for Lake Tahoe, reservoir inflows used in test-
ing the operations model were taken from PRMS sim-
ulations (Jeton, 2000). Additionally, the use of PRMS
modelsallowsfor the determination of inflow forecasts
required by the operations model. Observed reservoir
inflows for 1933-97 were not available due to limited
data sets and varying dates of Truckee River reservoir
construction. Forecasts of streamflow volumeis
another example of input data that may be different
from that used historicaly by system managers.

The above factors affecting model input dataand
actual reservoir operations make side-by-side compar-
isons of observed and simulated data difficult, if not
impossible, to reconcile. In view of these constraints,
only limited testing of the USGS Truckee River Basin
operations model by comparison with historical data
can be accomplished. Simulations of Truckee River
streamflow were made by applying historical and
synthesized channel and reservoir inflow time series
to conditional logic in the HSPF SPECL block. The
synthesized inflow time series determined from PRM S
simulations were used when observed data were not
available. Simulations for the water years 1989-97
and 1933-97 were made for the Truckee River Basin.
Because TROA has not yet been implemented, only
current operations were simulated for comparison with
observed streamflowsin this test.

The period 1989-97 was chosen to test the Simu-
lation of reservoir and river operations becauseit isthe
most representative of the current operating strategy
that was coded inthemodel, all storagereservoirswere
present, operations were relatively consistent over this
period, and better documentation of all operationsin
the basin was available beginning at about that time.
Because Truckee Canal diversionsdictated by the 1988
OCAP played amajor role in determining river opera
tions, that year was chosen to begin simulations.

The period 1933-97 was chosen to test the
simulation of streamflow volumes by evaluating the
overall difference between observed and simulated
streamflows over along period. Although not al
storage reservoirs and current operations were in place
for thisentire period, it is assumed that over along
period of time that encompasses several decades, the

seasonal and annual effects of reservoir operations
will be small compared to the longer term patterns
of streamflow volumes.

Thereare many possible geographiclocationsand
hydrologic characteristics (such as reservoir storage
volume, flow duration, and so forth) for which compar-
isons could be made. Streamflow in the main channel
is an easily measured and comparabl e response that
integrates the many complex and interrel ated opera-
tions in the basin. Because river and reservoir opera-
tionsarereflected in downstream flows, and to simplify
what could be lengthy and detailed comparisons,
graphical comparisons of observed and simulated
streamflow at three sites along the Truckee River are
provided for the 1989-97 comparisons: Truckee River
at Farad, Calif., Truckee River at Vista, Nev., and
Truckee River near Nixon, Nev. (figs. 7-9).

To simplify the graphs and facilitate visual com-
parison of ssimulated to observed flows, model outputs
of daily mean flowswere condensed to monthly means
for theseillustrations. A simple quantitative compari-
son of observed and simulated streamflow volumes for
the 1933-97 period at the Farad gage, is discussed
below to evaluate long-term differences between his-
torical and simulated streamflow volumes rather than
to evaluate differences between historical and smu-
lated reservoir and river operations.

As can be seen from figures 7-9, the simulations
with the operations model reflect quitewell the general
timing and magnitude of observed monthly flows.

For example, in January 1997, which contained high
flows, model simulations adequately represent
observed flows. Also, during the drought years of
199091, model simulations characterized the low
flows of the period.

Figures 7-9 show simulated monthly mean flows
at Farad, Vista, and Nixon during the spring of 1989 to
be higher than actually observed. This probably is due
to some combination of one-time operations and higher
simulated storage levels in Lahontan Reservoir. Sev-
eral one-time operations occurred from 1988-90 (Jeff
Boyer, U.S. District Court Water Master, oral commu-
nication, 1998). For example, a special permit to store
water in Prosser Creek Reservoir for fish and wildlife
concerns wasissued in March 1989. The water was
kept in storage for the next year and flood-control
releases from Prosser Creek Reservoir were not made
during the normal precautionary drawdown period.
Additionally, work on the release gates at Lake
Tahoe's outlet required some one-time operational
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Figure 7. Observed and simulated monthly mean streamflows for the period October 1, 1988,
through September 30, 1997, for Truckee River at Farad, Calif. (station 10346000)

decisionsto protect water rightsin Nevada. These one-
time operations may have changed water categoriesin
theriver, resulting in dlightly modified river operations
in the Truckee Meadows and even greater differences
related to OCAP diversions to the Truckee Canal at
Derby Dam. These complex interactions were not sim-
ulated by the operations model. Finally, simulated stor-
age levelsin Lahontan Reservoir were higher than
observed. As aresult, less water was simulated for
diversion to the Newlands Project viathe Truckee
Canal, allowing extra water to flow to Pyramid Lake.

The simulated monthly mean flows at Farad,
Vista, and Nixon during the spring of 1994 also are
lower than observed. Thisprobably isdueto aone-time
operation that provided spawning flows for cui-ui
during the spring of the drought year of 1994. The 1994
runoff season was considered the last year of the
drought, which lasted from 1987 to 1994. Under “nor-
mal” operation, afish run generally will not occur in

dry years. However, afish run (flow regime 1) was not
simulated by the operations model because the simu-
lated total fish water in storagein Truckee River Basin
reservoirs and the forecasted inflows were lower than
the conditional logic allows as necessary for afish run.
This one-time operation of afish run was not simulated
by the operations model . Lastly, for the winter of 1996,
flows were overestimated in February and underesti-
mated in the spring of 1996. Thisis due to simulated
reservoir releases earlier than in actual operations.

A simple quantitative comparison of observed
and simulated streamflow volumes for the period
193397 at the Farad gaging station describes long-
term differences for evaluation of simulated stream-
flow volumes. Percent bias of smulated versus
observed streamflowsis used as the statistical measure
for the evaluation. For this 65-year period, long-term
average streamflows, rather than mean monthly or
daily, were used to reduce the effects of daily opera-
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Figure 8. Observed and simulated monthly mean streamflows for the period October 1, 1988,
through September 30, 1997, for Truckee River at Vista, Nev. (station 10350000)

tions variations and other short-term variations while

reflecting longer-term patterns of streamflow volumes.
For the period 1933-97, the percent bias of simulated
mean annual streamflow was -13 percent at the Farad

gaging station.

The period 1933-97 was split into two separate
periods, 1933-80 and 198197, to further evaluate
differences in observed and simulated streamflow
volumes. The two periods allow for streamflow com-
parisons between modern and historical periods of
different inflow dataprovided asinput to the operations
model and different reservoir configurations upstream
from Farad. Operational variables, such as different
effective dates of decrees and agreements, flexible
adherence to decrees and agreements, and other
unknown or minor operational variables may also
influence simulation results, but they are difficult to
identify and their influence on ssimulation resultsis dif-
ficult to specify.

For the periods 1933-80 and 1981-97, percent
biases at the Farad gaging station were -18 percent
and -2 percent, respectively. Differences between the
inflow data used in model simulations and actual
inflows between the outlet of Lake Tahoe and Farad
are an important reason for the negative bias between
simulated and observed flows. It islikely that errors
from PRM S simulations of inflows, the use of synthetic
meteorological data used asinput for PRMS simula-
tions of inflows, and different reservoir configurations
contribute toward the negative bias at Farad prior
to 1981.

Simulation errors from PRM S model s contribute
toward the percent bias at Farad. The PRMS models
were calibrated only for the water years 198097 or
1994-97 for most of the modeled subbasins in the
Truckee River Basin between Lake Tahoe and the
Farad gaging station. Percent bias from PRM S model
simulations range from -7 to +7 percent for calibrated
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Figure 9. Observed and simulated monthly mean streamflows for the period October 1, 1988,
through September 30, 1997, for Truckee River near Nixon, Nev. (station 10351700)

subbasin models upstream from Farad (Jeton, 2000).
The PRM S models were calibrated to only 5 of 14 sub-
basins, which comprise only about 30 percent of the
total drainage basin area between Lake Tahoe and
Farad. Observed data from the other nine subbasins
were not available for model calibration. Additionally,
the accuracy of simulated streamflow data prior to the
period of PRMS model calibrations, as described
above, isuncertain. PRM S simulation accuracies could
be improved by increased availability of observed
streamflow data for model calibrations.

The meteorological data used as input to the
PRMS models for simulation of inflows to the opera-
tions modd aso contribute toward the percent bias
at Farad. For the water years 1981-97—the period of
-2 percent bias—observed meteorological datawere
used for PRM Ssimulation of inflows. However, for the
period 1933-80—the period of -18 percent bias—
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synthetic meteorological data (Michael Dettinger,
U.S. Geologica Survey, written commun., 1998) were
used to simulate most of the PRM S inflows.

Different reservoir configurations between Lake
Tahoe and Farad also contribute toward the negative
biasat Farad. The operations model simulates the oper-
ations of seven reservoirs upstream of Farad for the
period 1933-97, but Prosser Creek Reservoir, Stam-
pede Reservoir, and Martis Creek Lake were not con-
structed until 1962, 1970, and 1971, respectively (table
1). The simulation of evaporation from these three res-
ervoirs prior to their actual construction contributes
toward simulated losses of water volumes resulting in
negative simulation errors. The effects of bank storage
and release from these reservoirs are not known, and it
is uncertain how bank storage would affect simulation
errors. Additionally, errors from the simulation of
operations from these reservoirs prior to their construc-
tion are not known.
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MODEL LIMITATIONS, ASSUMPTIONS,
AND SUGGESTED IMPROVEMENTS

Simulation of the hydrologic and physical pro-
cesses in the channel and reservoir network of the
Truckee River Basin using HSPF is, by itself, arigor-
ous and data-intensive undertaking. That task is made
even moredifficult by the need to simulate the compl ex
operations (both current and anticipated) in this basin.
Development of the operations model required skill
and experience in modeling with HSPF, the assembly
of alarge database, and an extensive knowledge of cur-
rent and proposed operations in the basin. The sheer
size of the computer program, the necessary integration
of complex code from several programmers, the need
for critical review from avariety of Truckee River
interests, and the ongoing nature of the TROA negotia-
tionsto define operational policy all point to aneed for
future revisions, upgrades, and maintenance. This
model is expected to evolve and be improved through
purposeful application and analysis of the output.

Thefollowing bulleted items summarize some
more general limitations, assumptions, or improve-
ments that may be important to the reader in interpret-
ing model output.

» All models are conceptual representations of the
real world. Just as physically based models that
simulate precipitation-runoff processes have
inherent errors because detailed physical pro-
cesses have been lumped together and averaged,
S0, too, will operational models of complex river
basins. Further analysis of results will be neces-
sary in order to refine the model logic, especially
that logic that represents the human element
rather than prescribed actions that are clearly
spelled out in legal decrees and agreements.

» Although an attempt was made to include all sig-
nificant aspects of draft TROA inthe model, time
constraints meant that some minor aspectsin the
draft TROA were not included. Where known,
these omissions are mentioned in the assumptions
listed for each section. It is possible that other
aspects were inadvertently omitted and thus may
be absent from the model and discussionsin this
report. Finally, someminor detailsmay have been
left out of the report for the sake of brevity but are
present intheflowchartsand codeand are, infact,
simulated by the model.

« With modification of the database, the operations

model would have the capability to accept fore-
casted data for near-term simulations of current
operationsor draft TROA operationsfor planning
purposes. Thisimprovement would allow model
simulations using near real-time data, such as
forecasted streamflow data derived from current
snowpack data and median climate conditions.
Such capability would aid usersin planning oper-
ations for an upcoming runoff season. However,
without extensive changes to the model code,
these planning simulations would be restricted to
those operations coded in the model.

Reliable data are unavailable to fully account for
al inflows and outflows in the Truckee River
Basin. These include measured reservoir and trib-
utary inflows and meteorological data such as
precipitation and evaporation. Errorsin volume
resulting from lack of data.or inaccurate data may
be either compensating or cumulative. Therefore,
the magnitude of simulation differencesresulting
from the data are not fully known.

Some water rightsin the Truckee River Basin
may be satisfied with ground water rather than
surface water. Various amounts and locations of
ground-water pumping are not addressed by this
model. To do so would require linking the opera-
tions model to a calibrated ground-water model
similar to Maurer (1986).

There are few quantitative dataon irrigation
return flows, which are estimated in the model
simulations using factors applied to the diversion
amounts.

Temporary diversionsthat return almost all water
back to theriver within afew miles, such asdiver-
sionstoriverside power plants, are not simulated.

The flow-routing part of the model for the Truc-
kee Canal (reaches 60-69) and the Little Truckee
River (reaches 185-209) has not been tested
against observed streamflow data. Methods to
construct the Truckee Canal and Little Truckee
River parts of the flow-routing model were simi-
lar to those used in the Truckee River (Berris,
1996) and the Carson River (Hess, 1996) flow
routing models. Very little observed flow data or
diversion data are available to compare observed
and simulated daily streamflows for these added
reaches.
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» For simulation of Lake Tahoe releases of pooled

water for maintaining Floriston rates, the water-
surface elevation of Tahoe includes all water
categoriesin the lake, but does not reflect pooled
water volume stored in any other reservoir as
specified in draft TROA.

The simulation period for which daily input data
have been compiled or estimated for the opera-
tions modd is currently October 1, 1932, to Sep-
tember 30, 1997. Simulations can be made for
any period of time for which the user has com-
plete daily data. However, the modeler would
haveto revise several dated variable assignments
within the SPECL block. There are, for example,
several computed flags, storage accumulators,
and so forth that are computed on specific dates
within the program code and used to guide opera-
tions in subsequent months. If the user optsto
start a simulation on a day other than October 1,
1932, initial values for these variables would
haveto beindividually assigned. |nappropriate or
overlooked assignments could result in errorsthat
may carry through the simulation period. Other
initia conditionsrequired for simulations, such as
reservoir storages and water category amountsin
all reaches, inflows, and so forth, must be speci-
fied by the user.

To realize multiple-use benefits of reservoirsin
the Truckee River Basin when determining

rel eases, managers can utilize blending or sea-
sonal foresight or some combination of the two
concepts. Blending of reservoir releases satisfies
ademand for one category of water by concurrent
rel eases from more than one reservoir. Current
examples of blending used by managers are mul-
tiple-reservoir releases to maintain Floriston
rates, to meet Pyramid Lake fish flow targets, to
maximize power generation, and to satisfy flood-
control criteria. Methods describing current or
draft TROA reservoir management for the pur-
pose of blending are undocumented.

Seasonal foresight utilizes forecasts of both
inflowsand reservoir management to construct an
operational forecast. Such aforecast can be used
to “schedule” operations in advance, smoothing
reservoir releases over weekly/monthly periods
and thus avoiding large operationa swings. As
with blending of reservoir releases, methods

describing reservoir management using seasonal
foresight are undocumented. Examples of where
seasonal foresight would be useful are storage of
proposed water categories, maintaining preferred
instream flows, and maintaining recreational
pools.

* Inthe USGS Truckee River Basin operations
model, there are no specific subblocks that simu-
late scheduling, blending, or seasonal foresight
procedures. Instead of blending releases, the
operations model draws upon one reservoir at a
time to satisfy demands, taking into account rec-
reational pools. However, some blending is
accomplished in model simulations of draft
TROA operations by making exchangesto
achieve various instream flows, recreational
pools, and enhanced storage security. Additional
blending in the model would require defining the
relation between reservoir levels and releases for
multiple-use benefits. To simulate the use of
scheduling and seasonal foresight, would require
pseudo-operation forecasts that, to be accurate,
would require much more coding and would sig-
nificantly increase model run times.

SUMMARY

The demand for al uses of water in the Truckee
River Basin, California and Nevada, commonly is
greater than can be supplied. Droughts lasting several
years, such asthe recent drought of the late 1980’ sand
early 1990's, can result in substantial water shortages
for irrigation and municipal users and may stress fish
and wildlife ecosystems. Truckee River water is used
to enhance fishery and recreational resourcesin Cali-
fornia, to generate power upstream from Reno, to pro-
vide municipa and industrial (M&]1) water supply in
the Truckee Meadows vicinity, to maintain Pyramid
Lakelevels, to conserve the Pyramid Lake fish species
cui-ui and Lahontan cutthroat trout, and to provideirri-
gation water to the Truckee River Basin and, through
transbasin diversion, the Carson River Basin. This
diversity ininterests results in awide range of alterna-
tives for planning, allocating, and managing the water
resources and operating the various reservoirs and
diversion systems. Decrees, agreements, and regula-
tions generally define current water management in
the basin.
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Title 11 of Public Law (P.L.) 101-618, the Truc-
kee-Carson-Pyramid Lake Water Rights Settlement
Act of 1990, provides direction, authority, and a
mechanism for resolving conflicts over water rights
in the Truckee and Carson River Basins. P.L. 101-618
provides a foundation for the negotiation and devel op-
ment of reservoir and river operating criteria, known as
the Truckee River Operating Agreement (TROA), to
balance interstate and interbasin allocation of water
rightsamong the many interests competing for Truckee
River water. Additionally, the Truckee River Water
Quality Settlement Agreement (WQSA), signed in
1996, provides for acquisition of water rightsto aid in
resolving water-quality problemsduring periods of low
flow on the Truckee River in Nevada while simulta-
neously providing additional water for fishand wildlife
resources. Efficient execution of many of the planning,
management, or environmental assessment require-
ments of TROA and WQSA will require detailed
water-resources and hydraulic data, coupled with
sound analytical tools. Models constructed and evalu-
ated with reliable data will help assess effects of alter-
native operational scenarios related to reservoir and
river operations, water-rightstransfers, and changesin
irrigation practices. The dynamic nature of certain res-
ervoir and river operations, coupled with the interde-
pendence of water-quality to dynamic flow regimes,
dictate the use of amodel that can characterize and rep-
resent the physical hydrologic and hydraulic features of
the basins and the river/reservoir operations, and can
simulate flow with acomputation interval sufficient to
represent these dynamics, such as adaily time step.
However, available modeling tools have a monthly
time step and cannot simulate dynamic flows. Such
models cannot fully address the broad spectrum of
water-resources issues associated with the dynamic
nature of operations, flows, and water quality in the
guantitative detail that is needed for evaluation of man-
agement options.

The Truckee—Carson Program of the U.S. Geo-
logical Survey, to support U.S. Department of the
Interior implementation of P.L. 101-618, developed a
modeling system to assist in the efficient planning,
management, and allocation of water resources. The
daily operations model discussed in thisreport isa
part of the modeling system. The operations model
utilizes flow-routing and operations modules. The
operations model is capable of simulating lake/reser-

voir and river operations, including diversion of Truc-
kee River water to the Truckee Canal for transport to
the Carson River Basin.

This report describes the chronology and back-
ground of decrees, agreements, and laws that affect
Truckee River operationa practices; the construction
of the Truckee River daily operations model, including
the data necessary for simulations; the simulation of
Truckee River Basin operations, both current and pro-
posed under TROA and WQSA; suggested model
improvements and limitations; and a comparison
between simulated and observed operations. The daily
operations model simulates river and reservoir opera-
tions as well as streamflow in the Truckee River from
Lake Tahoe to Pyramid Lake, the Truckee Canal, and
Lahontan Reservoir in the Carson River Basin. The
daily operations model was designed to provide simu-
lations that allow comparison of the effects of alterna-
tive management practices or allocations on stream-
flow or reservoir storagesin the Truckee River Basin.
The model was not intended to reproduce historical
values. A general overview of daily operations (current
and proposed) and how they are simulated is provided
in this report. In addition to this report, supplemental
information that documents the extremely complex
operating rules is available, including detailed flow-
charts, original model code, and alisting of variable
names and definitions found in the flowcharts and
code.

Thedaily operationsmodel usesthe Hydrological
Simulation Program—FORTRAN (HSPF) to simulate
streamflow and reservoir and river operations. HSPF
was chosen because it can (1) simulate continuously
over time, including periods of storm runoff and low
flows, (2) simulate at adaily time step, (3) ssmulate the
hydraulics of complex natural and man-made drainage
networks, (4) produce simulation resultsfor many loca-
tionsalong theriver and itstributaries, (5) smulateres-
ervoir and river operations, and (6) compute a detailed
water budget that accounts for inflows and diversions
aswell as different categories of water in the river and
reservoirs. HSPF is an internationally used non-propri-
etary program maintained by the Environmental Pro-
tection Agency.

Reservoir and river operations for the Truckee
River Basin are governed by complex rulesin legal
agreements, decrees, and regulations that specify
numerous conditions for the distribution and use of
water categories. The Truckee River Basin operations
model simulates reservoir and river operations by
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evaluating specific conditions and executing the appro-
priate operations through the use of model code. Con-
ditionsthat are typically evaluated during simulations
include the time of year, reservoir stage, reservoir stor-
age, volume of agiven water category in areservoir,
streamflow magnitude, and fulfillment of demands.

The Truckee River daily flow-routing model
developed by Berris (1996) is used within the opera-
tions model to model the movement of water into and
through the reaches of the drainage network while the
operations model simulates the man-made regulation
of water movement within and out of the Truckee River
Basin drainage network. The scope of the flow-routing
model was expanded from 47 reachesto 72 reachesfor
use with the operations model.

External input data are required for stream-
flow and operations simulations. These include
time series of daily reservoir inflows, river inflows,
channel seepage |osses, evapotranspirations losses
from phreatophytes, precipitation, evaporation, M&|
demand for the Truckee Meadows, and various types
of runoff forecasts.

The constructed model simulates three major
options regarding Truckee River operational practices.
The first simulates current (1998) operational prac-
tices. The second combines current operations and
those proposed in draft TROA and WQSA.. The third
simulates WQSA without draft TROA, and is not
described separately in thisreport. All simulated oper-
ations are organized into subblocks of model code.
Current and proposed operations, organized into sub-
blocks of model code, can be grouped into the general
classifications: (1) initial assignments and computa-
tions, (2) flood-control criteria, (3) storage priorities,
(4) release adjustments to meet downstream demands,
(5) merged reservair releases for multiple objectives,
(6) river diversions, and (7) exchanges or transfers of
water categories among one or more reservoirs.

I nitial assignmentsand computationsisautility
subblock in which miscellaneous constants and flags
are assigned prior to the simulation of operations.
These assignments include reservoir outlet capacities
based on current reservoir stage; irrigation demands
transferred to other uses, such asM&| demand or
water-quality demand; minimum, enhanced, and pre-
ferred flow targets; recreation pool levels; Floriston
rates targets; and M& | credit water base amounts.

Current reservoir and river operations are imple-
mented primarily by adjusting reservaoir releases and
diverting water of specific water categories from the

main channel. Adjustment of reservoir releases alows
the reservoir operator to passinflows through to down-
stream reaches, store inflows, or release water from
reservoir storage for avariety of objectives. River
diversions to meet irrigation and M& | demands are
based on water rights. Operations currently practiced
and simulated are briefly described below.

Truckee River reservoirs are currently operated
according to several types of flood-control criteria
throughout agiven year. Flood-control criteriaare sim-
ulated by adjusting reservoir releases of precautionary
drawdowns and uncontrolled spills.

A reservoir storage priority systemisused in the
Truckee River Basin to determine when areservoir
may or may not store water. Storage priorities must
consider Floriston ratesdemandsand Newlands Project
demands for Truckee River water. Reservoir storageis
simulated by adjusting reservoir releases.

Under current operations, several demands are
described in legal decrees and simulated by the opera-
tions model. Satisfying these demands involves adjust-
ing reservoir releases and river diversions. Demands
met by operational simulationsinclude Floriston rates,
instream flows, Pyramid Lake fish, Newlands Project,
and privately owned stored water (POSW), such as
Power Company POSW (PCPOSW) and Truckee—
Carson Irrigation District POSW (TCIDPOSW). The
water categories pooled water and Tahoe—Prosser
Exchange water are used to maintain Floriston rates.
Thewater categoriesfish water and uncommitted water
(only that part not needed for the purposes of the
Tahoe—Prosser Exchange Agreement) serve to benefit
threatened and endangered fish of Pyramid Lake. The
POSW categories, PCPOSW and TCIDPOSW, are
used to meet, in part, Truckee Meadows M& | and
Newlands Project demands, respectively.

For simulations, releases from a given reservoir
that meet more than one objective may be consolidated
asa“merged reservoir release.” Untagged releasesthat
are not required to be of specific categories, such as
uncontrolled spills and precautionary drawdown
releases based on flood-control criteria, or maintenance
of current minimum flows, may be combined with
rel easestagged to specific categories. If the demand for
untagged releases is greater than for tagged releases,
then water categories must be assigned to that part of
the untagged releases that is greater than the tagged
releases, according to arank-order list.
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River operations involve the diversion of pooled
water, POSW, or natural water as specified in legal
decrees, such asthe SierraValley Settlement Agree-
ment or the Orr Ditch Decree. Simulated river opera
tionsinclude (1) the SierraValley Diversion, which
diverts water from the Little Truckee River for agricul-
tural demandsin California outside of the Truckee
River Basin, (2) Truckee River diversions between the
Farad and Vista gaging stations for M& | and agricul-
tural demandsin the Truckee Meadows, (3) Truckee
River diversionsdownstream from Vistagaging station
for agricultural demands of adjacent agricultural lands,
and (4) diversion of Truckee River water at Derby Dam
to the Newlands Project via the Truckee Canal based
on Operating Criteria and Procedures (OCAP).

Water exchange and transfers allows reservoir
operators to meet multiple-use goals by manipulating
volumes of water categoriesin one or more reservoirs.
Exchanges involve moving stored water of a given
water category from onereservoir to another. Thereare
three types of exchanges:. (1) apaper exchange—non-
physical exchangesof avolume of water in one or more
reservoirs for water in one or more other reservoirs;
(2) in-lieu-of exchange—release of one or more cate-
gories of water from one or more reservoirsin lieu of a
release of water of yet another category from one or
more other reservoirs; and (3) re-stor age—release of
water from one reservoir for storage in adownstream
reservoir. Two common exchanges currently practiced
and simulated by the operations model are the Tahoe—
Prosser Exchange and the Donner—Boca Exchange.
Theseexchangesare simulated asin-lieu-of exchanges.
Transfersinvolve only one reservoir and result in the
gain or loss of water in one category by transfer from
another within that single reservoir.

The draft TROA agreement, unsigned as of

1998, and the WQSA agreement, signed in 1996, are
designed to make more effective and efficient use of
water categories in reservoir operations to meet multi-
ple objectives. Reservoir and river operations outlined
in draft TROA and WQSA are intended to (1) increase
the drought water supply for M& | usesin the Truckee
River Basin in California and the Truckee Meadows,
(2) increase the water supply to maintain adequate
lakelevelsand spawning flowsto promotetherecovery
of endangered and threatened Pyramid L ake fish,
(3) increase instream flows for fish and water quality,
and (4) maintain reservoir storage levelsfor recreation
use. Achieving these objectives may be accomplished
by revising many of the current operations regarding

water storage and release practices. Two key elements
of draft TROA and WQSA enable such changesto cur-
rent operations. The first element involves reducing
releases for Floriston rates, the required flow at the
Farad gaging station. Water not released for Floriston
rates would be retained in storage and transferred to
new credit water categories available only to satisfy
those objectives outlined in draft TROA and WQSA.
The second element involves mandatory or voluntary
exchanges of water categories between reservoirs to
better coordinate releases to meet multiple objectives.

Draft TROA and WQSA specify procedures for
storage of credit water categories in Lake Tahoe and
reservoirs of the Truckee River Basin. These proce-
dures allow for the storage of several categories of
water within areservoir. These procedures commonly
involve atransfer of water categories retained in stor-
age that would have been rel eased under another set of
circumstances, such as under current operations. The
water retained would then betransferred to anew credit
water category. Proceduresfor storage of credit water
categories also involve avariety of other types of man-
datory exchanges and transfers. Policies and opera-
tional procedures regarding some of the proposed
water categories are not yet defined in the draft TROA.
As aresult, the proposed water categories, referred to
as Fernley credit water, Newlands Project credit
water, and other credit water were not coded, are not
simulated in the operations model, and are not
described in this report.

Under draft TROA, California could store a part
of itsunused surface-water allocation in Truckee River
reservoirs for M& | purposes. The new category, Cali-
forniaM &1 Credit water (CMICW) is created in
L ake Tahoe to provide an additional water supply dur-
ing droughts. CMICW is accumulated in simul ations
by determining if the projected demand for direct
diversion of surface water islessthan California’ s sur-
face-water alocation. If so, then the differenceisavail-
able for accumulation of CMICW in Lake Tahoe. A
new category, called Joint Program fish credit water
(JPFCW), may be available in simulations for accumu-
lation, based on the remaining allocation of surface
water after CaliforniaM &I use and storage of
CMICW. JPFCW is used to meet recreational and
instream flow demands.

In addition to CMICW, draft TROA will provide
procedures for storage and accumulation of a number
of other categories, such as Power Company M & |
credit water (PCMICW), fish credit water, water -
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quality credit water (WQCW), and Joint Program fish
credit water (JPFCW). PCMICW, used asM&|
drought supply in the Truckee Meadows, is accumu-
lated during simulations by (1) creating and accumul at-
ing the consumptive use portion of former Orr Ditch
Decree agricultural water rights acquired by Power
Company that would have been released to maintain
Floriston rates, (2) re-storage of PCPOSW rel eased
from Independence Lake to another appropriate reser-
voir, or (3) implementing one of several mandatory and
voluntary exchanges and transfers.

Fish credit water is water other than fish water
that can be stored and used for the benefit of Pyramid
Lakefish. Fish credit water can be accumulated during
simulations by (1) retaining in storage that portion of
pooled water not needed to immediately satisfy Orr
Ditch Decree water rights and would have flowed to
Pyramid Lake, and (2) implementing one of severa
mandatory and voluntary exchanges and transfers. A
water category called Power Company emergency
drought supply (PCEDS) consists of thefirst 7,500
acre-ft of fish credit water stored in Stampede Reser-
voir. Additionally, half of the fish credit water created
becomes JPFCW until (1) JPFCW in al reservoirs
totals 20,000 acre-ft, or (2) California exhausts its
annual surface-water allocation.

Water-quality credit water (WQCW) isdedicated
to augmenting instream flow in the Truckee River from
the Truckee Meadows to Pyramid Lake to enhance
water quality and preserve wildlife and fish habitat
along the Truckee River. WQCW can be accumul ated
during simulations by three methods based on draft
TROA principlesin conjunction with WQSA. Thefirst
method of simulation involves reducing rel eases corre-
sponding to the consumptive use of Orr Ditch Decree
rights acquired by WQSA that would have been
released to maintain Floriston rates. The water retained
would betransferred to WQCW. The second method of
simulation involves the accumulation of WQCW dur-
ing periods when cui-ui flow targets are in effect at
Nixon, downstream from Derby Dam. The volume of
WQCW accumulated corresponds to the volume of
pooled water flowing directly to Pyramid Lake that
augments flow used for the benefit of Pyramid Lake
fish in accordance to the consumptive use portion of
acquired Orr Ditch Decreerights. The third method of
simulation is an instream creation of WQCW within
the Truckee River by transferring to WQCW that part
of pooled water obligated to Orr Ditch Decree rights
purchased for uses specified in WQSA.

Under draft TROA and WQSA, releases of credit
water are simulated to meet downstream demands.
Credit waters simulated to meet demands include
releases of firm and nonfirm PCMICW and CMICW
to meet M& | and agricultural demands, rel eases of fish
credit water to meet cui-ui flow targets, and releases
of WQCW to meet water-quality targets. Additionally,
direct diversions from Lake Tahoe and Donner and
Independence Lakes are simulated to meet local
Mé& | demands.

Mandatory exchanges and transfersare simulated
for moving (physically or administratively) or convert-
ing water categories among One Or More reservoirs.
These required exchanges and transfers are specified
for certain water categories and purposes in draft
TROA to allow the storage and rel ease of water catego-
ries to meet more than one objective. Mandatory
exchanges and transfers are simulated to (1) achieve
enhanced minimum instream flows and (2) favor the
storage of selected new credit water categories,
depending on specific conditions such asreservoir stor-
age on specific dates and the presence or absence of a
drought situation.

Thefirst type of simulated mandatory exchange
provides for the enhancement of minimum instream
flows using current and credit water categories accu-
mulated in reservoirs. Enhanced minimum instream
flowsaresimulated by (1) increasing reservoir releases
of water categoriesif the water can be re-stored in a
downstream reservoir or if the water can be exchanged
into another reservair, or (2) releasing JPFCW without
re-storage or exchange. The exchange and re-storage
of water categories for enhancing minimum flows
depends on their security in storage, once re-stored
or exchanged, their availability and location in reser-
voir storage before re-storage or exchange, type of
season (normal or dry), and the current status of
streamflow with respect to enhanced flow targets at
specified locations.

Other mandatory exchanges and transfers are
simulated based on category storage limits, drought sit-
uation, time of the year, or some combination of these
criteria. These operationsare simul ated mostly aspaper
exchanges and transfers. These other exchanges and
transfers are smulated to maintain firm PCMICW,
nonfirm PCMICW, and PCEDS base amounts and to
transfer PCPOSW and PCMICW stored in reservoirs
on specific dates.
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Many exchanges are voluntary and are not speci-
fied individually in draft TROA. Voluntary exchanges
would be requested by the partiesinterested in making
the exchange and would be based on terms and condi-
tions agreed to by the parties. Similar to mandatory
exchanges, voluntary exchanges can satisfy several
objectives. Because the number of potential voluntary
exchangesis quitelarge, only four major typesare sim-
ulated by the operations model and described in this
report. These exchanges are used to (1) achieve pre-
ferred instream flows, (2) enhance storage security,

(3) efficiently utilize precautionary drawdown rel eases,
and (4) maintain recreational pools. For simulation, it
is assumed that if conditions allow for avoluntary
exchange, that voluntary exchange will be ssimulated.

Onetype of voluntary exchange provides for the
achievement of preferred instream flows. Similar to
enhanced instream flows, preferred flows are simu-
lated as flow targets that vary by season and location.
For most simulations, reservoir releases may be
increased to achieve preferred flows only if the water
can be re-stored or exchanged into another reservaoir.

Another type of voluntary exchange, enhanced
storage security exchanges, involves exchanging water
to areservoir that is more likely to allow an owner to
keep and accessthat water. A voluntary exchange may
allow credit water categories to be exchanged to ares-
ervoir with safer storage conditions. The operations
model simulates the most likely exchanges for
enhanced storage security: (1) an exchange of credit
water categories from Lake Tahoe or Prosser Creek
Reservoir to Boca Reservoir, and (2) an exchange of
water categories from Boca Reservoir to Stampede
Reservair. These simulated exchanges assume that
Stampede provides the most secure storage for water
categories.

A third type of voluntary exchange, efficient use
of releases for precautionary drawdowns, alows pre-
cautionary drawdowns from areservoir during flood-
control operations to meet other objectives, such as
maintenance of Floriston rates. Simulations provide
three exchange possibilities: (1) a Donner—Tahoe
exchange when precautionary drawdowns from Don-
ner Lake may be substituted for Lake Tahoe pooled
water releases, (2) a Prosser—Tahoe exchange when
precautionary drawdowns from Prosser Creek Reser-
voir may be substituted for Tahoe pooled water
releases, and (3) a Prosser—Boca exchange when pre-

cautionary drawdowns from Prosser Creek Reservoir
may be substituted for BocaReservoir adverse-to-canal
water rel eases.

A fourth type of voluntary exchange operation,
maintenance of recreational pools, is the management
of reservoir releases and exchanges to maintain recre-
ational poolsduring the summer. Althoughrecreational
pool objectives are set for Donner and Independence
Lakesand Prosser and Boca Reservoirs, exchanges are
only simulated to maintain Boca recreational pool
objectives. For reservoirs other than Boca, recreational
pool objectives are simulated in consideration with the
reservoir releases. For Boca, simulations provide in-
lieu-of exchange possibilities with Prosser Creek Res-
ervoir and Lake Tahoe. The operations model does
not simulate operations to meet Stampede Reservoir,
Martis Creek Lake and Lake Tahoe recreational pools.

Simulations adjust reservoir storage accounts of
water categories for evaporation losses and precipita-
tion gains on the basis of priority guidelines provided
indraft TROA. Additionally, simulated releases due to
flood-control criteria use water categories based on
rank-order guidelines. Similar to current operations,
these merged reservoir releases, required for uncon-
trolled spills and precautionary drawdowns based on
flood-control criteria, satisfy avariety of other objec-
tives under draft TROA and WQSA. Priority orders
may change if a drought situation exists.

Simulations use forecasts to evaluate expected
runoff conditionsthat affect operations. The determina
tion of normal and dry seasonsis used to specify
enhanced instream flow releases. The determination of
adrought situation is used to determine the order of
water category releases required under flood-control
criteria and to determine if mandatory exchanges
should take placethat involve variouswater categories.
Asasurrogate for human judgement needed in making
some operational decisions, arunoff index of wet, dry,
or average is established by comparing forecasted run-
off to mean runoff from historical records.

Traditional model development usually entails
calibration and verification tasks in order to demon-
strate the reliability of the model. However, testing of
the Truckee River Basin operations model by compar-
ison with historical dataisdifficult for several reasons.
These include historical flexibility and lack of docu-
mentation in how operations were actually imple-
mented, aswell asthe lack of past input datato
simulate all of the details and system interactions of
past operations. Thus, only limited testing of the USGS
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Truckee River Basin operations model by comparison
with historical datacan beaccomplished. Because draft
TROA hasnot yet been implemented, no observed data
reflecting proposed operations are available for com-
parison to simulated data.

With these limitations in mind, the periods
1989-97 and 1933-97 were chosen to illustrate model
simulations compared to historically observed
streamflows.

The period 1989-97 was chosen to test simul ation
of reservoir and river operations becauseit includesall
current reservoirs and is the most representative of the
current operating strategy coded in the model. Current
operations were simulated and simulated streamflows
at the Farad, Vista, and Nixon gaging stations were
graphically compared to observed values. Differences
between observed and simulated flows at the gaging
stations for the periods 1989 and 1994 were probably
the result of simulated reservoir storages that were
different from observed storages and single incident
variances in actual operations or operations based
on specia permits or agreements not simulated by
the model.

The period 1933-97 was chosen toillustrate long-
term differences between simulated and observed
streamflow volumes at the Farad gaging station. For
the entire period, the percent bias of simulated stream-
flow was -13 percent. For the periods 1933-80 and
198197, percent biases of simulated streamflow at
the Farad gaging station were -18 and -2 percent,
respectively. Differences between the inflow data used
in model simulations and actual inflows between the
outflow of Lake Tahoe and Farad are an important
reason for the negative bias between simulated and
observed flows. Itislikely that errorsfrom PRMS sim-
ulations of inflows to the operations model, the use
of synthetic meteorologica data used asinput for
PRMS simulations, and different reservoir configura-
tions contribute toward the negative bias at Farad prior
to 1981. Operational variables, such as different effec-
tive dates of decrees and agreements, flexible adher-
ence to decrees and agreements, and other unknown
or minor operational variables, may also influence sim-
ulation results, but their influence on simulation results
is difficult to specify.
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GLOSSARY

Selected technical terms used in this report are
defined for convenience of the reader. See Langbein
and Iseri (1960) for additional information regarding
hydrological terminology.

additional supplemental storagewater. Alsoreferred to as
non-adverse-to-cana (Truckee Canal) water, thisterm
means all water diverted to and stored in Boca Reser-
voir in excess of supplemental storage water (adverse-
to-canal water), but not including credit water, privately
owned stored water, and project water from another
reservoir. See also supplemental storage water.

ANNIE. A time-series data-management system that allows
auser to interactively store, retrieve, list, plot, check,
update, or statistically analyze spatial, parametric, and
time-series data for hydrologic models.

Boca pressure water. Fish water or fish credit water,
rel eased from Stampede Reservoir for temporary
storage in Boca Reservair, that provides sufficient
hydraulic head at the outlet works to enable timely
releases to achieve flow targets for the benefit of
Pyramid Lake fish.

CaliforniaM&| credit water (CMICW). Water that
may be stored for M&I use in California according
to draft TROA.

category. Any block of water that isindividually accounted
for in an observed or simulated water budget and that
may have specific ownership, such as privately owned
stored water, or adesignated use, such as pooled water.

consumptive use duty. Thetotal volume of irrigation water
per year required to mature an acre of a particular type
of crop. The duty isthe annual amount of water sup-
plied to theland, including transmission | ossesfrom the
point of diversion at theriver to the farm headgate, and
is not the volume of water actually consumed by the
plants. Transmission losses are not included in the
consumptive use duty applied to M&I diversions.

contract storage. Interim Storage Agreement as authorized
under paragraph 205(b)(3) of P.L. 101-618 among the
Secretary of the Interior, Sierra Pacific Power Com-
pany, Washoe County Water Conservation District, and
the Pyramid L ake Paiute Tribe (Contract for Storage of
SPPC Water in Stampede and Boca Reservoirs).

controlled spill. See precautionary drawdown.

credit water. Water that is accumulated, stored, and
released in accordance with provisionsin draft TROA.
Categories included are fish credit water, firm Power
Company M&| credit water, nonfirm Power Company
M&I credit water, CaliforniaM&| credit water, Water
Quiality credit water, Joint program fish credit water,
Fernley credit water, Newlands Project credit water,
and other credit water (water stored and used for bene-
ficial usesthat are not currently defined in draft TROA).

depletion. The amount of diverted water that is consump-
tively used and, therefore, not returned to theriver or
aquifer.

displacement. The forced release of one water category
from areservoir because of ahigher priority for storage
of another water category during a spill.

drought condition. Asidentified indraft TROA, acondition
under which the Power Company’s normal water
supply is not sufficient to satisfy normal M& | water
year demand and a drought situation exists.

drought situation. Asidentified in draft TROA, situationin
which the Truckee River runoff forecast indicatesthere
would not be sufficient unregulated water and pooled
water to maintain Floriston rates throughout the water
year, or Lake Tahoe elevation is forecasted to drop
below 6,223.5 ft (Lake Tahoe datum) before November
15.

dry season. Asidentified in draft TROA, arange of fore-
casted runoff in the Truckee River Basin downstream
from Lake Tahoe and the amount of water in Lake
Tahoe at varioustimes of the year, defined by figures5
and 6. Along with normal season, these thresholdswere
established to integrate forecasting into an operation
that would assure that water rights would not be
impaired while improving the prospects of enhancing
minimum instream flow.

efficiency. Efficiency is computed as the total amount of
water delivered to water-rights holders at the farm
headgates divided by total diversion to the water-distri-

134 River and Reservoir Operations Model, Truckee River Basin, California and Nevada, 1998



bution system. Low efficiencies mean that convey-
anceltransit losses, such as seepage, evaporation, or
other operational losses, are large.

enhanced minimum instream flows. Mandatory target
flows, identified in draft TROA, used to benefit fish
and river habitat in California, to be achieved through
the use of credit water, privately owned stored water,
or fish water only if such waters could be re-stored in
another reservoir or exchanged for water in another
reservoir.

exchange. Asidentified in draft TROA, atransaction of
specific quantities and water categories among reser-
voirs by any of three methods: (1) nonphysical
exchange of avolume of water in one or more reser-
voirsfor an equal volume of water in one or more other
reservoirs, often called a*“paper exchange;” (2) release
of one or more categories of water from one or more
reservoirsin lieu of arelease of water of yet another
category from one or more other reservoirs, often called
an “in-lieu-of exchange” and; (3) rel ease of water from
one reservoir for storage in adownstream reservoir,
often called “re-storage.”

Extended Streamflow Prediction (ESP). A computer
program devel oped by the National Weather Service
that uses existing snowpack conditions and applies
historical temperature and precipitation values of a
user-specified exceedance level over afuture period of
time (Iength of prediction also is user-specified) in
order to predict streamflow rates or volumes.

F- Table. Function tables of the RCHRES block that contain
relations between hydraulic properties of channel
reaches, lakes, and reservoirs.

Fernley credit water. Asidentified in draft TROA, water
that may be stored and utilized by the town of Fernley
for M&| purposes.

firm Power Company M &I credit water (firm PCMICW).
Asidentified in draft TROA, water stored in Stampede
Reservoir that can be utilized for M&I purposes under
drought conditions.

fish credit water (FCW). Asidentified in draft TROA,
water, other than fish water, that can be stored and
utilized for the benefit of Pyramid Lake fish.

fish water. Stampede Reservoir project water and uncom-
mitted water in Prosser Creek Reservoir held or
released into the Truckee River for the benefit of
Pyramid Lake fish.

Floriston rates. Mandatory Truckee River flow rates, first
established by the Truckee River General Electric
Degreein 1915 as minimum-flow criteria for the
Truckee River at the California-Nevada boundary.

former agricultural right. Asidentified in draft TROA, a
water right from the Truckee River or its tributaries,
originally used for irrigation in accordance with the
Orr Ditch Decree, that has been purchased or otherwise
acquired for uses other than agricultural.

gaging station. A gaging station where a continuous
record of discharge, stage, or water-quality parameters
is obtained.

GENeration and analysisof model simulation SCeNarios
(GENSCN). The graphical user-interface devel oped
to aid operational model simulations by creating,
running, and analyzing alternative water-management
scenarios.

in-lieu-of exchange. See exchange.

instream flow transfer. Creation of water-quality credit
water instream (as flow within the river) rather than as
water not released, and thus held as storage within a
reservoir. Instream flow transfers are limited to those
timeswhen Truckee River flows are less than specified
water-quality targets (see also transfer).

irrigation return flow. Excess surface water or ground
water that returnsto the river after diversion or applica
tion for irrigation.

irrigation season. Generally, the 7-month period beginning
April 1 and ending October 31 of any year.

joint program fish credit water (JPFCW). Asidentified
in draft TROA, fish credit water that may be stored
and utilized for recreational pool and instream flow
purposesin California, after which the water must flow
unimpeded to Pyramid Lake.

municipal and industrial. Water supplied through a public
water system for use in residential areas, commercial
establishments, industry, landscape irrigation, or for
other public needs.

natural water. Water that originates from flow in Truckee
River tributary subbasins not regulated by areservoir or
from flow that is passed through a reservoir without
detention, except Lake Tahoe.

Newlands Project credit water. Water that may be stored
and utilized for use in satisfying OCAP requirements
for the Newlands Project.

nondrought situation. See drought situation.

nonfirm Power Company M &1 credit water (nonfirm
PCMICW). Asidentified in draft TROA, any water
other than Power Company POSW or firm Power
Company M&| credit water that can be stored in
any Truckee River reservoir and utilized for Power
Company M& | purposes.

normal season. See dry season.

observed data. Lake-level or streamflow data computed
from gage-height records collected at continuous-
recorder or intermittent-observation gaging stations.
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Operating Criteria and Procedures (OCAP). Federal
regulation governing diversion of water from the
Truckee River for the Newlands project and operations
for providing water to the Newlands Project, with the
objective of maximizing use of Carson River water and
minimizing diversion of Truckee River water.

other credit water. Asidentified in draft TROA, water
that may be stored and utilized for beneficial uses not
defined at thistime.

paper exchange. See exchange.

pass-through. That part of reservoir inflow not allowed to
be stored in order to meet demands or storage rights
downstream having a higher legal priority.

pondage. That portion of Boca Reservair that provides 800
acre-ft of storage capacity to facilitate the use of regu-
lating flow for power generation and meeting Floriston
rates as defined in the Truckee River Agreement.

pooled water . Water stored pursuant to the Orr Ditch Decree
and the Truckee River Agreement and allocated to the
maintenance of Floriston rates.

Power Company emer gency drought supply (PCEDS).
Asidentified in draft TROA, water stored in Stampede
Reservoir that can be utilized by the Power Company
for M&I purposes under drought conditions.

Power Company M& | credit water. See firm Power
Company M&| credit water and nonfirm Power
Company M&| credit water.

precautionary drawdown. For reservoirs with dedicated
flood-control space, reservoir releases generally made
during the period from about |ate summer to November
1. Reservoirsthat do not have dedicated flood-control
space or other operating criteria requiring wintertime
drawdown, such as L ahontan Reservoir or Lake Tahoe,
typically have precautionary drawdown or reservoir
releases in late winter or early spring. Also termed
controlled spills, these rel eases are made to reduce
reservoir levelsto a prescribed limit that allows for
emergency flood-control space, mostly during the
winter and early spring months, but such releases could
be made anytime that a situation merits (see also spill).

preferred flows. Target flows, identified in draft TROA,
that are greater than enhanced minimum instream
flows.

priority date. Date a water right is established; used to
chronologically determine the relative priority of
water rights.

privately owned stored water (POSW). Water stored
pursuant to water rights of Power Company in Indepen-
dence L akeand thewater rights of Power Company and
TCID in Donner Lake.

project water. Water initially stored as pooled water in
L ake Tahoe, supplemental storage water (adverse-to-
canal), additional supplemental storage (non-adverse-
to-canal), and pondage water in Boca Reservoir, Stam-

pede—Reservoir project water in Stampede Reservoir,
Tahoe-Prosser Exchange water and uncommitted water
in Prosser Creek Reservoir, and privately owned stored
water in Donner and Independence L akes.

re-storage. See exchange.

reach. A reservoir or asection of river having relatively
uniform hydraulic properties and used within HSPF to
simulate the movement of water within a hydrologic
network.

recreational pool. Minimum reservoir storage levels that
are maintained to promote or enhance public uses, such
as boating and fishing.

recr eational season. The period between the dates April 1
and September 3 (assumed to be the Labor Day
holiday).

sidewater. Unregulated inflows of natural water from
tributary subbasinsin the Truckee River Basin.

spill. Spills can be either controlled or uncontrolled.
Controlled spills (often termed precautionary draw-
downs) are planned releases generally made in compli-
ance with flood-control criteria or dam safety criteria.
Uncontrolled spills are unplanned rel eases that occur
when there is no reservoir storage capacity. In uncon-
trolled spills at reservoirs where river outlet works
exist, reservoir inflows exceed the capacity of theriver
outlet works and water passes over the spillway without
going through river outlet works.

spring filling season. The period when the reservoirs can be
filled with spring runoff up to maximum allowable
storage capacity.

supplemental storagewater. Also referred to as adverse-to-
canal water, thisterm refersto the first 25,000 acre-ft
of water stored (or, if alesser quantity is stored, then
such lesser quantity) in Boca Reservoir during any year
commencing October 1 and ending September 30 of the
following year.

Tahoe-Prosser Exchange water (TPEW). Water stored in
Prosser Creek Reservoir in accordance with the Tahoe-
Prosser Exchange Agreement that is classified as Lake
Tahoe storage and used to maintain Floriston ratesin
conjunction with minimum releases from Lake Tahoe.

threshold volume. Daily storage volumes specified as
constraints to mandatory exchange criteriain draft
TROA and as constraints to several miscellaneous
operations simulated by the operations model. The
threshold volumes provide for the safety of stored,
re-stored, or exchanged water from the threat of reser-
voir spill whenreservoir volumesarelargeor of limited
outlet capacity, recreation potential, or water category
availability when reservoir volumes are small.

transfer. A mechanism in draft TROA for establishing
storage of certain credit water categoriesin areservoir.
Transfers, unlike exchanges, involve only one reser-
voir, and the sum of thereleasesfrom all reservoirsmay
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be modified as aresult of this operation. In atransfer,
thereisagain in volume for one water category, coin-
cident with the loss of an equal volume of water from
another water category in the same reservoir (see also
instream flow transfer).

uncommitted water. Water stored in Prosser Creek Reser-
voir pursuant to its California water right and used for
the purposes of the Tahoe-Prosser Exchange Agree-
ment and the benefit of threatened and endangered fish
of Pyramid Lake. Such water does not include dead
storage and inactive storage, privately owned stored
water, credit water, Tahoe-Prosser Exchangewater, and
project water from another reservoir.

uncontrolled spill. See spill.

user’scontrol input (UCI). Computer file containing
specifications that control HSPF simulations.

water balance. An accounting of the inflow to, outflow
from, and storage in a hydrologic unit.

water -quality credit water (WQCW). Asidentified in
draft TROA, water acquired and dedicated to water-
quality purposes pursuant to the Truckee River Water
Quality Agreement.

water year. The 12-month period beginning October 1 and
ending September 30, and designated by the calendar
year of the ending date.

wintertime cap. A prescribed, less-than-full reservoir
storage level maintained usually from about November
to March or April each year that provides adequate
flood-control space to reduce the threat of downstream
flood damage or provides space required by safety of
dams criteria
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